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FOREWORD

This is the second document written by Earl E. Houseman under the
auspices of AID, SRS, and the International Statistical Programs Center of
the Bureau of the Census, with which SRS is cooperating. 1he first was
"Expected Value of a Sample Estimate," published by SRS, September 1974.
Mr. Houseman is among the first statisticians who worked on the application
of area sampling in agriculture. He also draws on years of experience
associated with the development and refinement of the area frame sampling
methodology currently used by the Statistical Reporting Service.

This document was developed as part of a continuing effort to provide
improved materials for teaching and reference in the area of agricultural
statistics for foreign students and for development of staff working for
these agencies.

WILLIAM E. KIBLER
Administrator
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Pre face

This publiCI! iun presents an overall vie\'. of area frame sampling,
including the con.-;truction of area sampling frames and tr,e selection
of area smnples. Resources for the construction of area sampling frames
and the conditions involved in the application cliffer widely. The
obj ecti ve is to present ideas about how to do :I1'('a sampling and give
emphasis to important factors that need to he c'nnsidered. Concepts
and general prilKij,les of area sampling, LIther than specific appli-
cations, are disi..·us:,ed. TeclmicallY sOlm,-l :<lliq:l ing concepts help form
a solid fOlmclat ic'n for any sample survey. I f the concepts do not fit,
the statistician ,;!iould try to find mon' rc;d i,;tic technically sound
concepts. Survc; ]'1'oi..:edures evolve from i..'O)1C('j'ts. Th~s a full under-
standing of conccpt s provides a hasis for clec i ,; ions on many practical
operat ional prol< 1 ('11:S \<"hich help to assure !~oc:.dresults. Tenure and
patterns of ag1'ic:ul tural production differ \\ ilk ly among countries and
even regions \\'itlili cOlmtries. This means t},;l: sampling plans must be
tailored to indi\ iclUed situations and SLlr\C'\ ;lllrpOses. In other hords,
be cautious about l0l'\'1ng the details of :1 11].11, that worked well in one
situ;1tion and apl\h ing it to another \."ithou! '~':Ircful study.

In developjni~ ;m overall vic\" of area :~;l'll)lling it is necessary to
include m;1n)' gerll'rell statements. The rcade r should be a\"are that some
contradict ions ;lfld exceptions can usual1v be' found. i'-L1nystatements
will reflect goa h, recogn i:: ing that r('soun!.'" or conditions are oftQn
such that very] itl k can he done immediatelY tm,'anl achieving the
ultimate goals. L\1crtise in sample design, Luniliarity with local
conditions il1\'oln'd in the application of :11'(':1 '~arnpling, survey experi-
ence, and the qU:ILt;' and detail of availabll' 111;1]1S regarding roads,
landmarks, and l:md use are important f:lct o]'~ i], the development and
effccti ve use 0 r ;ll'('a sampling.

The intended :LUe! ience is students of <.;;mpling and persons who
might be consi del' iJl~ area sampl ing as a mean-; )C collect iug agricultural
data. It has hCl"l ;,sswned that most rcaJC'r~; \'.: 11 have at least an
elementary' knowll'c.li;t' of sampling theory ;mell' 1C experience in agri-
culture. However, interested readers without l-orl11.'lltraining in sampling
methods should " rh' this description of ~lrC;1 C-:'lmpling useful.
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~RFJ\ FRAME SN1PLI~G IN AGRICULTURE

1. Introduction

The concepts of area frame sampling are very simple: divide the total area
to be surveyed into N small blocks, without any overlap or omission; select a
random sample of n blocks; obtain the desired data for reporting units of the
population that are in the sample blocks; and estimate population totals by
TIultiplying the sample totals hy ~ The simplicity of the idea is in strikingn
contrast to the complexity of successful application of the concepts. But a
high proportion of the problems found in the application of area sampling ("area
sampling" will be used as a shortened term instead of "area frame sampling") in
agriculture are characterist-ic of the survey populations and therefore common to
all survey methods, sampling or census. However, survey methods differ consid-
erably \~ith regard to effectiveness, or potential effectiveness, in coping with
practicCil problems that exist.

The minimum requirement for the application of area sampling is maps for
dividing the population into small area sampling units that have boundaries
which can be accurately identified on site by an interviewer. There are three
important conditions involved in the application: (1) The reporting units must
be defined to serve the purpose of the survey, (2) there must be practical means
of associating reporting units with the area sampling units, and (3) area sam-
pling should compare favorably with alternative sample survey methods that are
feasible ..
1.1 Defini tions

Before proceeding with the discussion, some concepts and defini'tions will
he reviewed:

~eporting unjts are the indiv~dual elements or units that compose a popu-
lation for data collection (reporting) purposes. There is no standard defini-
tion of a reporting unit. Typically, one questionnaire is filled out for each
reporting unit. In the discussion that follows, the specific meaning of
"reporting unit" will usually be a "tract," which iS,defined later, or a farm
(holding).

S~ling.units are the units that a survey population is divided into for
s~~)ling purposes. They are the units subject to random selection. Usually,
each reporting unit in the population is associated with one and only one
sampling unit. In area sampling, the number of reporting units in a sampling
unit varies.

A sam~lin&_frame is a co~)lete list (or .specifications that would establish
a complete list) of sampling units that cover a population. It provides access
to a population in ways that enable probability sampling. If each reporting
unit is associated with one and only one sampling unit and if there are M. re-

I

porting units associated with the ith sampling unit, the population consists of
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M = L M. reporting unit~, where:--J IS the total nlU11h,')"of sampling units In the
. 1
1

population.

The tenn "sampling frame" suggests that :l ft';III1" is used only for sampling
purposes. Actually, a frame is also needed for a census, which involves col-
lecting data for all units of the frame. For eX:lJllplc, the equivalent of area
sampling has been used for a long time in taking ccnsuses--perhaps since the
first censuses were taken. Enumeration districts arc defined and one or lIlOre
field investigators emrrnerate each district. Tll(' I st of ED's (enumeration
districts) is the area frame for taking a census. i ncidentally, there are
sample surveys and census surveys, the only difference being that 3 census sur-
vey is an attempt to emnnerate completely the [rar.le', rather than a sample
selected from the frame.

A ~ent is a piece of land with boundaries Jl'lineated on a map. In area
sampling, t~total area for the population to be sL1Jnpledis divided into seg-
ments. In addition to me;ming a piece of land, "s\',l,ment" is used in sampling
tenninology instead of ''cirea sampling lmit " . "Segment," meaning area sa.mpling
unit, refers to the aggregate of the reporting unit~ that compose an area
sampling unit. Vinether "~~egrnent"refers to a pi ':·c,' uf lane! delineated on a map
or to an area samplin:.:; un it (group of reporting uni t:;) should be clear from the
context.

Smling efficien~ refers to the samplint:: v:r i:lIlce for one plan (that is,
a speci ic metho~ sampJing and estimation) in comparison with the sampling
variance for another. Smnpling variances are usuallv compared under an assump-
tion of equal sampling fractions or of equal ccsb, Unless otherwise ~pecified,
"sampling efficiency" will refer to comparison or :t]r'.'rnatives lmder an aSSlTInp-
tion of equal sampling fractions.

Cluster samp~ing is the general tenn for sampl ing plans wherein the sampling
units are groups clusters) of reporting units. \n He:1 :-;;unpling unit is a
"cluster" of reporting uni ts associated with a sCJ:~Jre'lt. In other words, area
sampling is a fonn of cluster sampling and the theon' of cluster sampllng
applies.

A survey population is the population actually~am:pled (or completely
enumerateCfj. It is defined by the sampling frame ;rh: the procedures for using
it. Sometimes a distinction is needed between the ",urvey population" and a
"target population."

A target populati~n is the population which, gi\:cn full freedom of choice,
one might wish to survey; but, for various practicll reasons, the population
actually sampled could be different from the targt't population. For example,
one might prefer to estimate the total production of :i crop, but decide to omit
some regions where the amo~mts produced are ven' :;m;lll.

In theory, estimate:; (statistical inference) fnlJlI the sample pertain to
the survey population, not the target population. ['01' an excellent discussion
of sampling frames and populations, and for an overall view of sampling and of
inference from samples, th.:' reader is referred ~u t 11!. first four chapters of
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Deming's hook}! The introductory chapters of other books on sampling also dis-
cuss general principles of sampling and estimation.

S~lJlIJ2}i~_,,=-~_ri~nceis the vari::mce of an estimate from a sample.

Design efficiency, sometimes called "design effect," refers to the s:unpling
variance-COTTeSl)Onamg to any particular sample design and estimator in compari-
son with the sampling variance corresponcling to some other s3.mple design or
estimator. Simple random sampling is often used as the hase of comparison. In
the discussion that follows, "sampling efficiency" \'Jillsometimes be used instead
of "design efficiency."

Coverage error refers to omission and duplication of reporting lmi ts, lTl-

eluding lTlco-rrcctdetermi mtion of the land area that composes a reporting lmi t.

£~e~t~( Area ~a~Ung

Some statisticians would define coverage and response error somewhat differ-
ently hut these definitions arc convenient when discussing area sampling.

The first ideas of area sampling lTl the United States appear to have been
ln the context of purposive sampling. A selection of areas about the size of
~1CD's (minor civil divisions) or ED's (census emuneration districts) \-Jassought
which woulcJ be a pennanent s::1mplethat would pennit accurate measurement of year-
to-year changes. ~,ICLl'Sand CIl's were recognized lmits that lwd been defined on
maps. Unpublished data about each ~ICD from previous censuses were available
for sampling purposes. Results from investigation of the Mcn or the ED as a
sampling unit were not encouraging. The size of sample required for acceptable
levels of sampling variance was regarded as much too large. At that time very
little was knO\m about the relation between the size of sampling units and
sampling efficiency, but early investigations indicated that sampling units
probably should he much smaller than !'c1CD's.

We now know tJlat, in general, a sampling unit as large as an ED (75 to 100
fanns or more) is simply very inefficient. The degree of inefficiency is related
to the size of the sampling lmit (the munber of reporting units in the sampling
\mitj and the extent to which alljacent or neighboring farms (reporting lmits)
tend to be alike. Since agricultural resources and environment tend to 1)e
similar in a small locality, characteristics of farms within a local it)'have
generally exhibited a strong tendency to be alike. This indicates why, for
example, a 2-percent sample of large area sampling units generally has much
larger sampling variances than a 2-percent sample of small sampling units that
arc much more widely Jistributed. That is, sample data in a s::1mpleof 2,500
fanns, for ex;unple, woulcJ come from only 25 locations if each area sampl ing unit
contains 100 farms; but, if each sampling unit is composed of :;farms, that
would be 500 locations where data would be collected and the sampling variances
would be much lmver.

-IT-n-eming ~V:-t(lwards-,--"-S-aml)rC-Desi!:"TiIn Business Research, II John Wiley cmd
Sons, 1960.
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For agricul tural-;urveys, the fi rst signi fil'ant test of prohahili ty area
smnpling in the United States, using small areas :1'; '.;ampling ooi ts, occurred in
Iowa. 2/ Two surveys, nth' at the end of 1938 anJ t:,( other at the end of 1939,
were conducted, using qU:trter sections as area saJIlpl ing units. (Quarter sections
are approximately squ;'tre. 1/2 mile on a side, ;mcl I'(;nt ain approximately 160
acres.) At that time, tl1(' average munber of f;i1ln;: I'l')' quarter section was about
0.9. The sample for e;ll,l) survey representecl the ('111 ire State and vms a widely
dispersed, geographiclll\' stratified r;mdom s;ulIpl,--, (·e about 900 Ljuarter sections.
The sampling fraction \\'a.; less than 1/2 of 1 percC'nt.

Considering the silla I; size of the sample, thl';rvey results were very
encouraging. The relaTive standard error (coefficlcnts of variation) of esti-
mates for important fan11 characterist i cs were ~~eneq I ]y less than 4 percent.
Also, it was possible to l'ompare est imates from t)w area samples with other
sources of i,nformat i 011. I IIChIding a farm cenSll'- (."ll', 11l,'ted each year oy the
State of Iowa, and the j'l'deral census of agricul tllJ, that related to El39.
Three things, (1) the In t'unnation obUt ined about :',T;iIom sanrpl ing error, (2)
the experience in the t'it·]d regarding sources cd' ell!)r that were not rel¥ed
to sampling, and (3) comnarisons of the sample est 1IIIates with other sources
of infoll11ation, stron~: I\' ';llggested at that time t11:d much attention must he
directed in_the Xl~t!ln' t,l mipimi:::ing .c~rro_:C.ljom :,;o\lrces.9_th_eitl1aE S-;~1J11IiIlng.
From this and other eXjK'!'lenCes with prohabilit\' S;iDlp] ing, a new perspective
of the total error in c,;:t imates from surveys S1;I)',(',1 to develop.

One outgrowth of ~h;:; test of area samplirtl'; h;l~ the development, by 1945,
of an area sampl ing fr'aml' for all States.'i!

2. Sume Key Features of Area S;UlI;J]ing

2.1 Versatili!Z

Possible uses of :\n'a sampling are oolimi ted. l~le survey population could
be composed of reporting lmits that are households, persons, farms, plants,
animals, cotton gins, :-;uppl iers of agricul tur~tl input:-;, tractors. tracts of
land, grain storage fa,~i I ities, processors of ;igrilultural products, or any
other definable reporting wlits that can be urdquel) associated with set-,rments.
AdaptabiE ty to partic\lLIr uses, and versatil i ty, arc strong attributes of area
sampling. Many needs ;-01' information have been fi Il,'d where area sampling was
the only means available (or selecting a probar\ili1\' .;ample.

Conceptually, an ;1 r, 'a sampling frame is ah'a:-" ,'U1Tent and complete with
regard to any defini t iOIl cd' a reporting ooi t. FOJ l,\;unple, an area sample of
farms is a sample of farI'l~, as they are defined and f\ist at the time of tbe
survey. In other wonb, if a random sample of 1/'1 01' all segments in the

-2TJessen, Riymo11l1J ..."'S-tatisticaT--fnvestil;;Jt 1 :lll ) t a Sample Survey for
Obtaining Fam Facts," ](;1\(\ State University, RCSI':it ,-h Bull ('tin :')04, June 194,:,
Ames, Iowa.

3/ King, A.J. and ,k';';IT, R.J., "Master Sample :.1 \\~ricult\lre," Journal of
the American Statistil";iJ 'ssociation, VolLmle '1(':~KI:), 1945.



population is selected, the sample of segments is 1'expected" to contain VS of
the reporting units in the population regardless of how the reporting units are
defined. (The word "expected" is used in the sense of mathematical expectation.)
To further clarify the point, consider the estimator !i ~X. The number of seg-n
ments, N, in the population and the number, n, in the sample are known. The
sanvle total, LX, is the total of characteristic X for all reporting units
associated with the sample of n segments. Hence, the sample can be expanded
regardless of how a reporting unit is defined. Notice that one does not need
to know the number of reporting units in the population in order to apply area
sa~)ling. In fact, from an area s~le, one can estimate the number of reporting
units in the population. One estimator-is !i(r) , where l' is the number of re-n
porting units fOlmd in the sample of n segments.

The preceding paragraph pointed out that an area sampling frame is ~n~~
tua1__1y_complct~. The term "conceptually complete" needs to be stressed because,
in practice, coverage error is a major problem. If one selects an area sample
and expects to use ii as an expansion factor, the 'fieldwork of identifying andn
associating reporting units with each segment in the sample must be performed
with great care. If the association of farms with segments is inc0!flE.lete,or
is not_~ion~_correctly, the actual sampling -fraction with regarnO-the- number
of farms in the s~le in relation to the population total will not be ~.
Therefore, i'i LX will not be an unbiased estimate of the population total.

n

2.3 Updating
An area fr~le does not become out-of-date in terms of covarage of a popula-

tion, lmless the population extends into areas not covered by the frame. Changes
in land use, or number and location of reporting units, have a bearing on the
sampling variance but do not introduce bias. Some boundaries of sampling units
will 1'05eidentity as time passes, which could increase the potential for bias
as a result of greater ambiguity about boundary locations. There are two possi-
ble reasons for updating an area frame: (1) To maintain or achieve improvements
in sampling efficiency, or (2) to introduce updated or new maps to achieve
better bOlmdaries of sampling units. Parts can be updated as needed.
2.4 Efficiency

The characteristics of a s~ling frame have an important bearing on the
quality of results from a survey. Serious biases, low sampling efficiency, or
both might be the result of deficiencies in the s~ling frame. For miniIl1lllT1
coverage error, statisticians would like to have an up-to-date list bf all farms
(conlpleteand without duplication) for sampling purposes. But agricultural char-
acteristics vary widely among farms. Consequently, to enable the design of effi-
cient sanlples for a \~ide range of purposes, it is important to have some infor-
m3tion about each farm on the list. For example, it is generally very helpful to
have farms classified by: (1) Type (for example, whether the farm is a livestock
farm, a fruit farm, etc., or perhaps whether some specified commodities are
produced on the farm), and (2) size (preferably a relevant measure of size

5



l'orrespond ing to e:ll i

up-to date list l)f fll'l

tlut IIIi ,~ht he re,c;:l r,:";

'1(' of Lllll1). ()ht:lini, j

\'la:-;sific,1 h\' type :ill,[

:1 gO:II to Ill' :lchil'\" I~ I

Ilintaining:1 complete anI!
i ,..:;a major LmJcrt:lking

'h' l'\~ent fl':l:-;ihlc.

Thc' attrihlltl's II' 1 i:-::t fr:ll:lc (I ist of 1:11' ;"ltC)rs) that 111:11.;('it mel..:;t
l'ffcctin' [01' :-;:lJ:lpl iT i )'I'u:-;e..:; Ilh" ,'Ippl\ t,) 'Ill 'I ';'lIllpling fr:une. That is,
for dc:-;igniTh; arC:l ":;:''', one \\c'llLl likc tl' III' 1),',)l1l1;ltion on the type and
:-;i:e of each St',l',lIlcnt " :li'1ing IHlitl in the i'('I'ul 'no Hllt, constructioJl of;1
:-;ampl ing fr~lJnc (1 i:-;t ],':1) th:lt hill cn:111Il'l :1 lcvel of ~;;liTll'l in.l~ effi-
ciency L'ould requirl,' ::Jj"r invl'~tll1l'l1t, unh":-;>, )',,\';mt lnfol1l1:1tion exists
h'hich can be easih' ill'lli1C'rated in the sampli'h' 111"1' Technical :mah'ses ;l!l11
eOI1:-;idcl':ltions of ll' I \ Iri:mcl'<, ,1Ild hia:-;c·; '.. :l'ry helpful in dC'tc-rmining
the merits of :1]tl'n1.' \'. fe:l:-;ihk ';jll'c'ificlt:on ':]':1 ~;:lInpling frame. If:1
,good h:lCkgtC1llJld of (", II ','C' ,1Ut,'.'; nllt ('xi<.;t. 1:: ;!l<lll]d be adequate testing
of I'e:lsihle a1t\.'l'I1:1t i,\, 1,.,I'(lr(' <dtin,L~ final I,,:ltions and 11l1del'Llkin,c;
the entire joh of ell) ,l~I,,:ting:l :-;:ullpling fr:l!ll' I' ]';ICt, <.;ome tC'stin~: is
\:l'11('r:111y 3ch'i:-;:lhll'! tll(lll,~h then' ha:-; hCl'l: Ii" "I'l'1'ieTKl' to huild on.

.\ complete up-tel
the Can:l:-;, i:-; hil;h]\
,\ith regard to :-;:lJl'I'Li'l
rapidh' hccolllc:-; out (11
o I' de f iL ieIlL' i (':-; in, l'l

:11'(':1 r r:Ul1C' is :11 \-.:1\'~;

]'C1't:l i n ing to thc ,1i'l'

:i dement to I,i:-;t lr;mc<

[,(' list uf' J'drJ!h, inc'll']l!I"
; [':illle for :-;:unpl in,L', ;>111';'(

'['1- ic i ('I1C\' :lTl< I coc; t .:i I: .

;tl. ~lul'el)\'\.'t', ;,Hca;:I!I,
,1"".'ll\':l'l)r, 1 i,.;t Cr:lIl1l'

'l'tu:1I1:' l~oJ:l:lIl'tC. r
I()ll llf an':1 sampl ill,',

)'(,](,V3nt in[onnation ahout
jnd ha:-; ~t rClflg :ldv:lI1ta:~('<.;

. :1, ,'O\cr:lge of 1 i:-;t framl':-;
I i:-; Ilft<.:'n Ill'cdl'd hcc:mse
"'Iinted out :1111)\'(" ,111

'I thrce .l~l'nc)':l1 <.;itu:ltions

2.5.1 Li:-;t fr:!Jlll !lldy ~j(.leqlJatc. c.;uPIJo~;l·:l I i:-;t of [anns cxists or
there is :1 I1K:;;'ln-~·'()r ,.1 !l:)iIl~l;-:l'Ti:-;t that ,ILi'nl' ';urvc)' population tl1:lt IS
ne:1rlv the :-;:lrne :IS th t; ',;,'t [1opuldt iun. In 'h:c 1.';C', the <.;urvey pOj)ulation
Je fined h:' thc ] j..:;t )' i '!' \1(" accepted and a S:U1p I. ',,' lel'ted from the 1 ist would
he used for the <.;un:l", \<;1 llIeans Cl~- d1C'd,lll,:'" 1 h' :Iclequac)' amI completeness
of the list, ;1I1 are:! . i:1 ".' might he used. Tl: ',1 it! involH' nntchin,c.: the list
\\,ith rc']1Clrtll1~~ unit:-;",: ,,' ill the :lll':l :-;;unplc. If ':lC list is complete, all
l'l'porting Lmib in tL< ,I 1,1 :-;JJTlple should he Ull I'." I ic;t. Hut matchin:-'. involvc:-;
I:lan:' prohlems, h l'(,'; 111'; , :1 "'porting Ull,t is not :llh,li' clefined and identified in
the :-;:IIIIl' h':l\'. j)i~l'lJ>;,I' 'lC m:ltchi11!' 11rohlc1i1,' I I,:~,ide the :-;copc of this
puh1 iClt ion.

Consideration of , s:u:lpl ing eCficil':l~\. 1,1 InnllllK'1';lblc technical
f:1Ctors could lead tu II'l'j:-;ion to ll:-;e :1 li:-;l j ,'1', j'l)' :-;.iJT1plin,l; even tJ10ugh
the li<.;t frame defilll" I:rn'y population th:lt "~I '1'--; sC1me\\'hat from the target
population. 1'01' eX;I111' \''If]:-;idcr a '11Irvc:' of \\]1":'; dlI'oduccr:-;. SUPP0:-;C;I I i:-;t
of wheat producers ex: \'.hieh i:-; bel il,\red to 1)(' :",!U:itC, hut an inn'st igatiun
of its coverage \\ould 1 I ]l]lropri:ltc. i\rea';;[),11" "~ ,'ould he w;ed, but it
\\'ould involve cont;ll't::, : 11 farmers in the :1)'\.:1;:11':<1 ing lU1it<.; to find t11o<.;e
\\ho arc producing whc:ll. ] f tI,e ]ll'O,.lllction or \<;}W:ll i< \\'ide1;- scattered ;md
the proportion of C;jJ'j'ItI' producing hlc;lt is -,11:111 ',:I)noillics strongly ~;u,12gest
sampling [rom the li:-;t, III this case, the :-;unl'\' 'l',ht I1C hased on a ~;llilple
from the list and 1m, II;: <:u:rple eould he used 111' ',"I'!l iJlfoll'I:ltion :lhout th\.'
:i,k'l{U:IL'y or qU:Il i 1\' ,1; ~ I, list.



2.5.2 List frame_cove_r_s~.~.?-Eulation. A list frame might be very
good but cover only a part of the population to be surveyed. If the list frame
covers a major or important part of the population and is satisfactory, except
for incompleteness, a sample from it might be selected. To get representation
of the part of the population not included on the list an area sample could be
used. This is an example of multiple-frame sampling, which is concurrent use
of two or more sampling frames. For some surveys multiple-frame sampling has
important advantages, but those advantages are often very difficult to realize
when estimating population totals, o\~ing to practical difficulties of accurately
determining which reporting units in the area sample are also in the list frame.

2.5.3 Adequate li.slframenot ~vailable. A list frame might not exist
and it might not be feasible to create one that provides a satisfactory sampling
frame [or even a part of the population. In this case, area sampling is the
only possibility for selecting a probability sample.

In the first two situations (2.5.1 and 2.5.2), reporting units enumerated
in the area sample must be matched with reporting units in the list frame. Such
uses of area sampling are appropriately discussed under multiple-frame sampling
which is outside the scope of this publication. Discussion will be limited to
the third situation.

3. Size of Segment
3.1 S~Jlling Varianc_~_s a Function o( Segment Size

"Size of segment" is a general term. It might refer, for example, to the
land area of a segment, to the number of farm operators living in a segment, to
the number of dwelling units in a segment, to the amount of irrigated land, or
to the amount of land under fruit trees. However, in this section, '!sizeof
segment" will be discussed in terms of the number of farms "in" a segment. A
farm is "in" a segment if its headquarters is within the boundaries of the
segment. This will be discussed in Section 4.3, The Open-Segment Method.

Factors to consider when defining segments include: Sampling variance,
costs, problems associated with segment boundaries, topographic detail on avail-
able mapping materials, and the method of associating farms with segments'. Cost
considerations have often given rise to strong intuitive impressions that favor
sampling units that are larger than they should be. This evidently comes from
the fact that, for a given cost, more farms can be included in the sample when
the sampling units are large. Optimum size of segment will be discussed after
a brief review of the situation regarding the relation between sampling variance
and size of segment.

To emphasize the difference in sampling variance for large segments in
comparison with small ones, some results from an unpublished analysis of data
from a farm census in the State of Wisconsin are presented in table 1. In this
census, farms were enumerated by townships. ("Township" is the name for the
smallest political subdivision in the State). Thus it was possible to compute
sampling variances for area sampling when sampling units are townships and to
compare the results with variances when individual farms are the sampling units.
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Table l.--Relative vananu' of to\\TI~hips as sampling lmits compared hith indi\'idlla] fanns 1/

Item

I)T I:P), j

'< 1 f:ll fa. ,
I __-..'n
,'_'1 1t •••••••••••••••

Uastllre :
:-.lilk cows :

Bee f cat t ]e :
Ha\" for silage :
Catt1!? marketed :
Soybeans :
Peas '" :

Sheep :
Spr ing Wh(':l t :
l'otatoes :

Percentage of
fanns

reporting 2/

1\1:

26.4
15. ~)

-.5

1.2
! I. -

..
:Average munber of:

fanns renort iIll'
per to\\TIship Y :

411.0

18. +
11 .1- ,:1._

2. S
7 '

1.,1
.S

Relative
\"arlanCe
amonl!: all
f :UlTl S oJ!

IT.I

Ih.1
n.2

1h:; . ','
•.•.••;. _1

1:;4.2
17,:', . 2
!~.:-::

Relative
vaTlance

among fanns
report ing ,:;/

] .",q
1. -+~1
n.:)";'

3. :;(1
1. 25

11.311
1 . 11~1

~.24

2.-6
1. -J
+. -h

:\"ariance 3JTlong to\\TIships
relatin' to \'ariance

amon,l!: fa 11ns fJj

\!ethod 1 \!et hoo 7-
-

"(6) ("-)

_i ,1. 1 I ;

~(\.! I 1 ' ,".-
W . 2 2~). S
4:;.h 1n • ~)

Ci.n - ,
S.1 ,LC)

.) . ~, . ~-'

Ci. ::; ,j ..'s.n 4.b
.::. 1 ] "

J 1 : I

"
, ~
'1

IS the tot31 numher of L1I111::::in the State.

t h1~' s~~l~ I,,' 1~11-:~~....'-"n:::,us 1~1

. thi:~ the \"alue of c·h;Ir:l~·teristic \ for 1 farm.

di\"idE'd h' the total I1llJTJrwrof to\\Tlships in the Statc'.

j
'.1 \ l;i;1. l..\':-.1-"';',I.,j,':'1:.: -

rcrL'entage (if f3nn~ )'nr h'hich \, .:1, h!llTe \
] 1

\wllher of f:HTTI:~ in the State for hhich \ -,(I
1

F
1.:(\. _\12

IThe reLltl\"e \'i1rLiI1CC among ~il I farms is

3/

5/ Relati\'e \"3riance ilmon:; f81111S reporting i::: the rclatin' \'ar1aJ!L'C
is~ farms for \\'hich \, = [1 ,1rE' not incluckc! in try' calcul:1tion of ':- cir

I

b/ See text.



The average number of fams per township was 69.5? and there was a total
of nearly 102,000 fams in the State. Columns (2), (3), and (4) of table 1 are
explained in the footnotes to the table. Column (5) was included to en~hasi=e
an important point that will be discussed later. Colul1ffis(6) and (7) are dis-
cussed in the following paragraphs. They show the ratios of salnpling variances
for townships to saInpling variances for fams.

To compare the sampling variances for townships with the sampling variances
for fams, simple random sampling was assumed. For townships, variances for tvJO
different estimators were computed. The first was a mean per town::hip estimator:

x" =
1

where T is the number of townships m the State, t is the mnl1her of to\~11ships
th 1 d h t 1 f h .. X f h· th 1 .in e samp e, an x. IS t e to a 0 c aracterlstlc or t e 1 to\\11S11pIn

1

the sample. The second estimator is a ratio estimator:
t
LX.

x" F __ 1
2 t

Lf.
1

where F is the total number of fams in the State, aJld f. is the numher of fams
in the ith township in the saInple. The ratio estimator,\", was included hc-

2

cause it removes from the sampling variance at least part of the variation among
townships that is correlated with variation In size (number of farms) of the
townships.

The estimator for a simple random sample of fams was:

x" =
3

where f IS the number of fams in the sample and x. IS the value of character-
istic X for the jth fam In the sample. ]

We want to compare the sampling
the sampling fractions are the SaIne;
is the variance of x" divided by the

1larly, column (7) is the variance of

variances for towrlships and farms, assuming
that is, when f = 69.5t. Thus, column (6)
variance of x", asslUning f = 69. 5t . Simi -

3x" divided by the variance of x'.
2 3

The first entry in column (6), for example, means that for alfalfa the
sampling variance for townships using the first estimator, x", is 53.7 times

1larger thaJ1 the sampling variance for fams. Columns (6) and (7) 1113Yalso be
interpreted in tems of sample sizes needed for equal precision (that is, equal
sampling error). Taking the first estimator and alfalfa as an example, a simple
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random sample of 100 f.1t1l1Shas the same precision .1~ .1 sample of 5)370 [3rms
when townships are the C:1iilJ.lingooits. It would LiLt· :1 sample of approximately
77 tov.mships to get a S:lmn Ie of 5,370 fanns. The d i i'Cerence is much less for
other characteristics.

Notice that the sa":pl ing variance for to't.TIship:~ relative to the sampling
variance for individual [;1:1TISis relateu to the pro;)('rtion of farms reporting
the cormnodity (compare ,:ollunns (6) anu (7) with colluTl (2)). For some commod-
ities there is an avera~c of less than one fann reporting per township. (See
column (3)). If si~e 0 f to\'mship is measureu by Dlnnl:er of fams reporting, then
a to't.TIship is a "small" s:mpling ooit for some cOl1unodities, namely the commod-
ities at the bottom of :::}w list. The production of these commodities is widely
scattered. For such cOlfunodities the township as .1 ·;ampling unit has less loss
of efficiency, as shO\\11in the last two colunms of t;lhle 1. The results clearly
indicate a very large los" in sampling efficicTlC>' \\J1C'n:1rea sampling units have
large mmlbers of farms reporting, but other tIlings 11l'C'~1to be considered.

Colunms (4) and (5) of table 1 were included because they reflect an
important general situation that needs to be recogni:cd in sampling. Based on
simple random sampling of all farms, column (4) ShOh':'::that the relative variance
of various items is closL'ly related to the proport jt1D of fams reporting the
item. (For a definitioIl o( relative variance see CClotnote 4/, table 1.) Colw1m
(5), as explained in t}1(' ;-ootnote, shows the reLit i \c' varia11ce when all values
of X, = 0 arc eliminated froll\ the variance calculai ion,;. It is the relative

1
va r ianee among fanns rei ()l t ing the i ter11. Then- i ~ I i 1t Il' 01' no rolation hetween
the \'arianccs in COlUllUli ~) ;llld the percentage L'j'O!: ilL'" cohmm (2).

The relation hetwcl'n the relative variance of :i11 values of X including
:er05 and proportion report ing has heen shm~TIin ;';,I1],p]ing theory ':f/. In fact,
the relation between co1lUlills (4) and (5) is as fo] ](1\\';:

(1)

where V2 is the relative \'ariance among all fanns, colunm (4), V2 is the relative
4 5

variance among all fann." reporting, column (5), and P is the proportion of farms
reporting, that is, co1Uf1n (2) expressed as a dccim;l! rraction rather than as a
percentage.

Suppose a simple r;lTldorn sample of f farms is sch-l:ted and that x 1S the
3

estimator of the populaticill total. The relative v;lIi:mcc of x~ 15
3

--,~Illansen, Hurwlt-zirid H1lfow,-"S;:unple Survey I\lethod'; and Theory," Vol. 1,
p.-122, John Wiley & Sons, 1953.
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assuming that the correction for finite population, (Fif), is small enough to be
ignored. lVehave noted that V2 varies by a relatively 'small amount from one

5commodity to another. Hence, the value of P is a major important factor in
determining the relative variance of x~, the estimate from a sample.

3

Equation (1) also applies to area sampling, assuming a simple random sample
of segments. Suppose there are N segments in the population and that N~ is the
number of segments in the population for which X. is greater than zero, where
Xi is the total of X for the ith segment in the ~oPulation. Then P = ~~,

and V2 is the relative variance of X. among the N~ segments for which X. 1S
5 1 1

greater than zero. Suppose that a simple random sample of n segments is
selected. The relative variance of the estimated total,

N n
- L: x., 1Sn 1

v2+ (1- P)
5nP

assuming that the correction for finite population is small enough to be ignored.
Without getting involved in a full explanation, this indicates that it would be
undesirable to define a population of segments wherein the proportion of "zero
segments" (segments that do not possess the characteristics being measured) is
more than a small percentage of all segments.

~nny commodities are produced on less than 20 percent of the farms and
equation (1) indicates high sampling variance when the percentage is low. This
points to the recognized need for what is often called special-purpose sampling;
that is, developing sampling frames and designing samples that are efficient
with regard to particular commodities or purposes. It is not possible in this
publication to pursue various implications of this with regard to sampling agri-
cultural populations. Briefly, it indicates including, to the extent feasible,
informati6n in sampling frames about who is producing various commodities or
detailed information on where the commodities are produced.
3.3 Defining Segments to Minimize~Ji~Variance.

Sampling variance is a function of the variation among segments. There-
fore, one objective in defining segments should be to make the variation among
segments as small as possible. It is well known, as indicated in section 3.1,
that sampling variance is related to the average size of segment and to varia-
tion in the size of segment. With regard to variation in size of segment, the
objective is to make the segments nearly equal in "size", where the measure of
size is a variable closely related to the variables to be measured in the sur-
vey. If it is not feasible to equalize the size of segments, but a relevant
measure of size is available, ratio estimation might be a possibility for re-
ducing sampling variance that is associated with variation in the size of
segments.

With regard to average size of segment, and considering only sampling
variance, the objective would generally be to define segments so there is one
reporting unit in each. For example, if the proposed survey involves only

11



li vestock fanns, the ol',iccti ve- would be to have segments defined so there is one
livestock fann in each. Put available information 'or' defining segments is
usually very limited. TJlcrcfore, the degree of rca] 1~3tion of the objective of
segments of equal "si:l" is limited by the nature or any relevant infonnation
that might exist.

A random sample of SilO segments with four farms each can be enumerated at
less cost than a random sample of 2,000 segments with one fann in each. The
latter h'i 11 have a sm~lllcr sampling error. The optirnlIDlsize of segment might
be about two or three [anns, depending on variance and cost functions. Accwnu-
lated experience points to very small segments; that is, small in tenns of
munher of reporting lmitsls defined for the survey. Optimumsize is difficult
to define and'determine in 'practice, especially when estimates are calculated
for many character ist il'::: :lld for several domains as \"dl as for the whole pop-
ulation. A difference'd' ,)ne or two reporting unih in the average size of
set,Tfficntsmight he di ff i ,,'\I It to assess. (,IevertJ)c1ess, ass~_i_ng that the survey
cost is held constant, 'is ~egment size increases, a point is reached where the
sampling variance incrc:lsl'" rapidly. That is, small departures from optimum
might be negligible hut l:1rgc llepartures could resuLt in a serious loss of
s~unpling efficiency. 1h:'r,:fore, as an objective, try to specify a segment
si:::e that is in the vi,,' in i ty of optimum, unless topo~,raphic detail for delin-
eating segments dictates otherwise. In the United States, considering variance
and cost, the experieILt· h:lS heen that the "optimllm" size of segment, for many
purposes, is less than th,,' practical minimumdictated by problems assoc;iated
\~ith set,TffienthOlmdaries and limitations of topographic detail on maps~.

Optimum size of sc~.')nc·lt, as discllssed in the preceding paragraph, referred
to sampling variance, not to mean square error. which is a c~mbination of
s3J!lpling variance and hi:ls. This brings us to !flatters of bias associated with
segment boundaries. The ratio of the perimeter of a segment to its area is a
flmction of its si:e anJ.;hape. The ratio is gre:ltcr for small segments than
l:lrt;e ones, hence one CXp'~'ctsthe' impact of any biases associated with ambiguity
about segment bOlmdari cs to be relatively greater [or small segments. Also, as
the si:e of segment decre:l'.;es, topographic fe3ture5 cuitable for use as segment
bOlmdarics become less prevalent. Therefore, in terms of Plean square error,
the optimum size of segment could be larger than thl2 optimum based only on
sampling variance. Therl2 is very little, if any, 'quantitative infonnation
available on this point. But experience strongly indicates that high priority
must be given to delineating segments that have boundaries which can be posi-
tively identified by interviewers in the field. The question of average size
of segment often resolv,~'s into a matter of determining the smallest average
si:::e that is practical '"ith regard to topographic detail.

-~5THouseman, Earl E.--aJ1li'Tr-elogan, Harry C., "Progress Toward Optimizing
Agricultural Area Sampling." Proceedings of the 36th Session of the Inter-
national Statistical Inc.;titute, Sydney, 1967.
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4. Definitions of Area S~)iing lmits
4.1 Introduction

It is not possible to delineate segments so that no farms will overlap seg-
ment boundaries. This is the root of many practical operating problems of
associating farms with segments. In coping with'such problems, three primary
methods of using area sampling have evolved: Closed segment, open segment, and
weighted segment. These three methods refer to three different ways of defining
an area sampling unit. However, before discussing these methods we need to de-
fine "tract," which plays an important role in'all three methoJs.

A tract is a portion or subdivision of a segment that is under one manage~
ment. It is either an enUre farm, partes) of a farm, or a nonfarm area of
land. That is, a tract is determined by the definition of a farm and by the
boundaries of a segment. A farm is composed of one or more tracts.

With one exception, which will be Jiscussed later, rigorous application of
area sampling requires that each sample segment be divided into tracts and that
all land \~ithin the segment be carefully accounted for as illustrated in figure
1. This is necessary to minimize coverage error. The description of the seven
tracts in figure 1 is not intended as an illustration of the information that
would need to be obtained in an actual survey. The information to be recorded
and procedural detail vary with the method of applying area sampling. As
references to figure 1 will be made in the following discussion, it is suggested
that readers become familiar with it at this point.

Early uses of area sampling employed the open segment, but practical diffi-
culties led to use of the closed segment whenever it was not necessary for the
reporting units to be farms. For surveys in which the reporting units must be
farms, only the open segment and the weighted segment are applicahle.

A strong virtue of the closed-segment method is its simplicity. The iJea
is to collect data on specific items or activities within the boundaries of t~le
sample segments. For example, if information on land use is required, data are
collected on the use of all land within the boundaries of each sample se~nent.
Or, if information about cattle is wanted, the goal is to get information ahout
all cattle within the boundaries of the segment at the time of the intervie\v.
Tracts as defined above are the reporting units unless some other definition
of a reporting unit is more appropriate. 'Vith reference to figure 1, the
"closed sC~llent" (meaning the closed-segment method of defining the 3rea sampling
unit) is composed of all tracts A thru G. If no information about nonfarm
tracts is to be collected, one could say that the closed se~lent is composed of
six tracts: A, B, D, E, F, and G. Tract D is composed of two parts.

Where applicable, the closed segment has a major advantage, compared with
the open- and weighted-segment methods, because ambiguity is eliminated about
what a farm is--ambiguity that has the affect of causing coverage error due to
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Figure I.-Division of a segment into tracts

•

E

Legend
Segment hOLmdary
Tract bOLmdary
rann operator's

residence

Description of figure 1:

Tract
A

B

c

D

E

G

Fam

1

2

3

4

5

6

7

Descript ~?!~

Tract A IS an entire fam. The operator lives on his fan11.
Tract B t s a fann but the operator doe:.; not live on his fann or
inside the segment.
Tract CIS it nonfann tract. That is, no agricultural operations
are performed within it. However, one of two brothers who
operate a ram lives on this tract. :-.io part of their fanTIis
located in this segment. But according to previously defined
rules that designate one person as the "operator" of a fa1111, the
brother living in tract C is the oper3tor of fann mnnber 3,
rather than the brother who helps opcnte"the fann and lives on
the fann in another segment.
Tract D is composed of parcels of lalld at two locations within
the segment. It is operated by one person who lives in the seg-
ment and hil~ no land outside the Sel,'1Tlef1t.
Tracts [ anc.E'" compose fann number:;. This is an example of a
segment boundary crossing a fam and dividing the fann into two
tracts. The operator lives in tract r

Tract F is part of fam number n. '111C remainder of the fam is
a tract located a few miles away from this segment. The operator
lives outside the segment.
Tract Gis part of fann nLll11ber7. TIle operator lives In the
segment and on his fann.
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duplication or omission of parts of fanns or of whole £arrns~ For land use1including crop acreages~ the closed segment has proven generally to be much
superior to the open~ and weighted-segment methods, particularly if photographs
arc available as an aid to identifying tract boundaries. Nearly all fann oper-
ators in the United States know the acreages of their fields and, therefore,
are generally able to report accurately the acreages of fields within a segment.
If the operator of a tract within a segment is not available for an interview,
the crops in the tract can be identified and acreages might be estimated from
photographs or by other means.' Therefore~ response error and coverage error
are relatively ~ow. Also~ the sampling variance for the closed segment is
generally much lower than the sampling variance for the open segment.

Unfortunately~ for many characteristics farmers are not in a position to
provide accurate data pertaining to parts of their farms; that is, for tract~
within segments as required by the closed-segment method. For example~ an
operator would probably know the man-hours of hired labor used on his farm and
how much he paid for hired labor. But~ if his farm overlaps a segment boundary
he might have to make an inaccurate guess as to how much hired labor was used
on a tract \~ithin a segment. The problem which an operator has of reporting
for a tract within a segment~ rather than for his entire farm~ varies from
virtually no difficulty in the case of crop acreages to being impracticable
for most economic data such as purchases of inputs or sales of agricultural
products.

Segment boundaries should follow permanent landmarks~ but that is not
always possible, and some landmarks change. An interviewer will occasionally
find instances where a portion of a segment boundary cuts across a field. Such
cases might be handled in one of two ways: (a) Have the interviewer obtain
information for the entire field; then, in the office a random determination
could be made to drop the entire field from the segment or to include the entire
field in the segment; or, (b) if a sufficient basis exists, a preferred method
is to est±mate the proportion of the field that is in the segment and multiply
the field total by that proportion. The interviewers might be given instruc-
tions for making such determinations, but that is usually less desirable than
having them supply the necessary facts so that the disposition of such cases
can be handled in the office. Office staff should be trained so they are less
inclined than interviewers to introduce bias when discretion is exercised.

Since livestock can roam, some problems occur that are peculiar to live-
stock. For example, even though the boundary between tracts E and E~ in figure
I is a visible landmark, it might be possible for the farmer's livestock to
move between the two tracts. In that case, the operator might not know at the
time of an interview exactly where all of his livestock are located with regard
to segment boundaries. This case could be dealt with by using techniques like
those suggested in the preceding paragraph. The open- and weighted-segment
methods discussed later are also possibilities.
4.:) Th~en -S~gment_Me-.:thod

The general idea of the open-segment method is to formulate practical rules
that associate every farm in the population with one and only one segment. To

15



do this, a lffilque refer'_"l('_' point, called "headqll~lrt 'is,'' is defined and located
for each fann. A fanll t'll'1l helongs to the segment il ,..hich its headquarters is
located. Conceptually, th<' prohability of a Llnll's !l ing in the sa1lln1(' is clear.
Itis the same as the pnhl!;ility of selecting tl1l'c ":'I'nt in \\'hich'its head-
quarters is located.

There have been th'U .~\.'neral approaches to idcnt i l\ing and oelimiting a
fann: The fann-operator :l[1l)roach, and the fan1l appr'.i::cJl.

4.3.1 Fann-op~rator ll)})roach. This approach involves canvassing each
sample segment toranll operators. A farm operator' .-; residence is, by defini-
tion' the fann headquarter-;. Each residence (d\','el1in:~ unit) within a sample
se6Tffientshould be vis i teJ ~nd appropriate quest il)n~; ,l;ked to detennine whether
anyone living in the resiJe1Ce is a farm operator. \ I:ucstionnaire for the
fa 1111of each operator 1i \'i n:.; in the segment is fill ed nut regardless of where
the fanT1 is located. With reference to figure 1, fan 1:-, lllunbered 1,3,4, and
'7 arc in the sample bC(;lU',' the residences of the O]il'l:!tors of these farms are
\\'ithin the boundaries 01- the segment. ~o infol1rut ion h'ollid be collected about
the other fanns.

The appl ication of the farm-operator approach ~'e!lujres formulating rules
that create, hy defini t ion, a one-to-one correspondclKC' between fann operators
and farms. This is necdcc: hecause it is possible 1-('1 I'lore than one person to
he accepted as the fann 0Jlcrator of a particular Lillil. A good example of this
is a farm operated jointly hy two brothers who live in different houses. Under
the fann -operator appro:'l'l! the fa n11could easi 1y he~'II11Jlted twice (or have a
clouble chance of being in the sample) unless S0111e'tl,k:; that define one of the
two hrothers as the opeLltor are strictly appl ied. I,)!' example, with reference
to figure 1, two brothcl<; nperate £ann number 3. One of the hrothers lives
outside the segment and C)]:C lives on tract C withi't tlc.:;egment. By definition,
the brother living in t Lilt C is the [ann operator. Therefore, farm nwnber 3
is "in" the segment in t!H' figure rather than "in" tlL> segment where the other
brother lives.

Because there are !'laII~cases where more than OtiC person or household might
be involved in the Opel'Cltid1 of a fanTl, a short qlll'>tlOnnaire should he devel-
oped for use at each dhl'J 1ing unit within a segment. The questions must be
carefully worded and ck~;i ,'ned to ascertain whether :lTl\'one 1i ving in the dwelling
lmit is ;1 fann operator iil accordance with the pre:;cTlhed definition of a farm
and of a fann operator 1h:lt estahl ishes a one-to-on!' ,-')rrespondence hetween
fanns and fanTl operator:;.

In addition to the .:JpJlortunities for omission :lllll duplication arlS lIlg from
~unbjguity about the corre:;ponllence between fann Opl':':l~ors and fanns, another
important practical problclll is often encolmtered \\ith the fann-operator approach.
ft is the problem of finding all fa1111operators in :;l':,;'nents containing many non-
Cann dwellings (dwellill~> not occupiec1 by [ann 0I1Cf:ltnrs, as in urban arCIS),
Since it is a major lmdc>rt:lking to visit all c1wel1ill~~units in a segment con-
taining many nonfann d""f'll ings, special procedures l:lic;ht be needed. There are
at least two possihilitic;

(1) Let the intcr\'il'\,'cr:" visit dwclling tmit-.; nore or less at their dis-
cretion in an effort tl1 r illcl all fa 1111operators. rl:l tis, at dwell ing units
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which they V1Slt, inqulrlcs would be made to discover farm operators living in
neighboring dwellings as well as in the one visited. This possibility is not
regarded by the writer as satisfactolJ, because operators are likely to be over-
looked.

(2) Another possibility is to work out a plan for selecting a random sub-
sample of dwelling units to be canvassed in the segment. For example, the seg-
ment might be divided into smaller segments and one of the smaller segments
selected at random for the sample. Do not overlook the need for adjusting (or
weighting) the data because of the subsampling. A preferred method might be to
use smaller segments, initially, in residential areas and also to use smaller
sampling fractions in such areas. Remember, the case under discussion is an
area where the proportion of nonfarm dwelling units is high. Villages where
most of the dwelling units are occupied by farm operators pose a different
problem.

The difficulty of achieving complete identification of operators living
within sample segments in densely populated areas, where the proportion of farm
operator dwellings is low, and the difficulty of applying rules to establish a
one-to-one correspondence between farm operators and farms have often led survey
statisticians to adopt the farm approach discussed in the next section. The
farm-operator approach does not require dividing each segment into tracts,
whereas the farm approach does.

4.3.2 Farm apQr~ac~. This approach involves identifying a farm and its
land area ancr-determining the operator or a suitable respondent who can give
accurate information about the farm. The difference between the farm-operator
and the farm approaches is mostly a matter of procedure--whether one looks for
farm operators and the identity of their farms or for farms and then the oper-
ators. Even though the definition of a farm is the same, the coverage error
might be quite different because the survey procedures are different. Also,
the choice of approach might have an important bearing on how segments are de-
fined. This will be discussed under frame construction.

Under the farm approach, the task is to identify farms with headquarters
within the sample segments and to fill out questionnaires for such farms. Giv-
ing interviewers a sample of segments delineated on maps and telling them to
fill out questionnaires for farms with headquarters within the sample segments
is generally inadequate, even though complete definitions of farms and head-
quarters are provided. Experience has shown that success with the farm approach
requires doing a thorough, rigorous job of identifying all farms that have any
land within the segment and then of determining which of these farms have head-
quarters located within the segment. As a Ininimum, it seems necessary to have
interviewers follow a three-step process with the aid of a specially designed
form:

Step l--Account for all land in each sarrv1e segment by dividing
each segment into tracts and describing each tract as
illustrated in figure 1.

Step 2--On a special form list each farm that corresponds to a
tract identified in step "1" and obtain answers to questions
on this form which will establish the land area of each farm.
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The idea i:.; to obt<.dn <.U1S\;,('rsto qUl.'st i,'!lc that \<Jill
clearl v es t :11,1ish the houndaries, ;1rC:l, ;lJ1d identi tv of
each farm Ilfli:jlely.

Step 3- -Detennine the location' of the headquartclC' of each fann.
Quest ions th:lt need to be included 1m t:il' fonn
will depend 1)1) the definition of he:ldljll:lrters.

~.3.3 Problems with c-;_t<.~bl}shing~defi_~.~i~!1 0rf~lll11 J1eadquayters. Oper-
<.Itional specITic:rti6-n-s- of :1 he<.Idquarters mlLst be formulated so each fann has one
anJ only one point called :L headquarters. [xan~)1cs I) I" headquarter lociitions
that might be cons ide red <'11'_'the fann operator's dh'l'11ing, the northeast corner
of the faI;m, the place \\her,_' fann records arc kept, tlle place where farm machin-;,
cry is kept, and the m;li"; '.'ltr.:mce to the fann. Then' is some ambiguity in the
application of any definitim of a headquarters. i\ d\,clling lmit and its loca-
tion in relation to a Sl'l)Jil"it bOlmdary arc quitc distinctive, but the degree of
SUccess using the oper;11.1l'-; lhvelling as the headqu:lr.tcrs depends, among other
th ings, on ohtaining 01"1 nc- to-one correspondence :)t't \\cen f:lnn operators and
fanns. The northeast cnmcr 0 ften lacks lmiqucncss iTl :lppl ication bec:luse the
geometrical configllratit1!1 i)f [anns v:lries widel\'. \1;tl'hinery might he kept :It
more than one location :tnd thc main entrance is not :Ilways distinctive. Thus,
l<.1ckof simplicity and uni+leness in operational specifications of a headquarters
is a key' prohlem \\'ith t))t'llen-segment method.

Under the operatori!'llt'oach (sect ion 4.3.1), the fan11 operator's residence
IS the logical point to ,:l' I" i Ill' as the fann heaclqllartl_'1's. As indicated in the
preceding paragraph thcn:I})), practical problem h'i 111 t he operator approach re-
lates to fann tenure and hili) is the operator of a farm. If fann (or land)
tenure is such that simpit' mles will fully speci fy ;l particular person as the
lU1ique fann operator, thcrJ tl1'..'operator approach land lIS(' of the operator's
res idence as the farm hC:IJ,!llarters) could be the best survey technique. However,
if matters of tenure or 1":11"11 organization arc compIC'X., or if a large amount of
screening is required tll i L'rJtify farm operators in dl'nsdy populated areas,
some other teclmique mi\:ht )l' more effective.

With the fann appn,;lc!l (sect ion 4.::;.2), the oper;ltor' s residence could
also he defined as the r'J )11 headquarters. In this l';hL', the questions asked
in step:; would be for ttll')UrpOse of determining, Uni(llicly, the fann operator.
Then the location of eal'l; UKTator's residence wliIld he ascertained to detennine
whether the fann is "in" th,_' segment. Ilowever, ')pel':il jonal procedure must be
deve loped and tested in ,let ii 1.

F31l11 number:; in fi·lll',' 1 ])rovides <.Inexample of the kind of detail that
must he considered in t1,<.' :,rocess of formulating spc'('· fications and instructions
for interviewers to fol1(1\\. Suppose the fann appro3l-j, i~;used and that fann
heallquarters is definedi:'; the operator's residencc.\ccording to the specifi-
cations, fann numher :; ic "in" the segment shown in I"ii~llre I because the head-
quarters (place where t ll('))erator 1ives) is in thi s <egment. But will the
open segment, fann-approach field procedures correctly include this fann in
the sample, if the segmcnt shm-m in figure 1 happens to he selected for the
sJ1Tlple? Remember, tract ('i·ias descrihed as a nonfanll tract . If only fann
tracts are included on the' 1isting called for n>' step:' I see page 17), fann
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number 3 would be oITlittedwhen it should be included. ParITln~ber 3 illustrates
a problem that is peculiar to the farITlapproach but not the farm operator
approach. The problem ,is how to account for farms where the operator does not
live on his farm and his residence is hy definition the headquarters of the farm.

One solution is to always include the operator s residence (t1-,eLm_: on
which it is located) as a part of the farITl\This would call for procedures for
dividing segments into tracts so tract C (or a small lot on which the operator
residence was located) would be identified as a part of farm numher 3. To be
sure that an operator's residence is always included as part of a farm, it
would be necessary to visit all dwellings within a sample segment to identify
all operator dwellings and include them in farms. That takes lISback to the
farm-operator approach.

An alternative solution requires formulating rules that enable a clear
determination of whether an operator is living on his farm or is not living
on his farm. Operators living on their farms have sometimes been referred
to as resident operators. Those not living on their farms would he called
nonresident operators. Briefly, the plan is as follows: For farms with resi-
dent operators define the operator's residence as the headquarters. For farms
with nonresident operators, some point other than the operator's residence
would be defined as the headquarters. This plan has been used in many surveys;
but, with the farm approach, a generally hest or accepted way of defining farm
headquarters has not emerged. The search for a satisfactory operational defi-
nition continues and will probably continue whenever t~e open-segment method
is used.

The following definition of headquarters is one illustration of sonleof
the efforts that have been made. It represents an early effort to establish an
operational definition of headquarters for an area where a high proportion of
the operators lived on their farms. It assumes the farITlapproach, and in areas
having many nonfarITldwellings it requires looking for farms rather than oper-
ators. Also, its application requires operational specifications (not included
herein) for determining \vhether an operator lives on his farm. Such specifica-
tions need to include a definition of a farITloperator that establishes a one-
to-one correspondence between farITloperators and farITls. The following defini-
tion of headquarters is not necessarily recommended. It is presented as an'
illustration of criteria that might be used in an opetational definition:

(1) If the operator of the farm lives on the farm, his residence
IS the headquarters.

(2) If the operator does not live on the farm but there is one
and only one occupied dwelling on the farm, that dwelling is
the headquarters.

(3) If the operator does not live on the farm and there are two
or more occupied dwellings on the farm, the occupied dwelling
of greatest value is the headquarters.

(4) If there are no occl~ied dwellings on the farm but other
buildings are present, the building of greatest value is the
headquarters.
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(5) If there are no bllilu~ogs on the fann, the "main entrance"
to the fann is the headquarters.

(6) If no point em he identified as the l11'linClltranee the
corner of the LIpn farthest west and fa rthee:t north (in
that order) is the headquarters.

As an alternative onl',-ould combine parts (:2), (::,), and (4) and parts (5)
and (6) as follows:

If the operator doe,.; not live on his fann anu there is one or more build-
Ings on his fann, the most \'aluahle building is the hcauquarters.

If there are no hui ldil1gs on the fann, the cornel of the fann farthest west
~mLl [~uthest north (in t11at ~rder) is the headquartcr's.

With reference to fil:llre 1, sufficient infolll1ati(lTl was not given to illus-
trate application of the :th,wc definition, Jlowever, it gives some indication
of hO\~'complex the uefiniti')fl could he. One shailid look for a simple definition
that is cas:, to :lpplv an,l i.; as free from error :IS !lrl;-,sible.

In practice, any det'intion must be interpreted ,\'ith regard to the many
situations that will be t'T1u)lmtered. What does "on tht.' fann" mean? What is a
building? What is a fan!'.' \\110 is the operator? Fort llnately , for most fanns
the answers to such que:~t in!)s are quite clear, hut there are many cases where
ambigui ty gives rise to l',)\'l'rage errors. !'>h.1chexpel' i('nee is required to develop
complete, well-adapted d('fi IIi tions and instruct ions :It1J to develop training pro-
grams and procedures for s\l!lcrvising fieldwork that] l':ld to results of high
qual i ty. It is the deta II necessary for dealing \~'it); :111of the numerous si tu-
ations that is onerous. !l() not overlook the need for halance. For example,
one can focus so much attent ion on completeness 0 fins tnlCtiorls that emphasis
on the most important point~is lost.

A.:;. cf Some genera I \,],:-ervat ions. (~eneral SUITe\' experience with the open
segment reveals a stron~~ :c'!iJ(>ncy'tOWard lmdercovcra~~e. For example, assume a
S-percent area sample. Tht· number of fanns identi fieJ and surveyed by inter-
\! iewers as being in the C'aJllT'le tends to be less than 5 percent. Even with
experience and much emphasis on getting all fanns COIrectIy defined and associ-
ated with segments: it is difficult to reduce coverage crror to a level that is
negligible. Incidentalh. ,-"overage error varies frOB: {l]1C characteristic to
another in the same survey. ror example, there are lIi~mysmall fanning opera-
tions that present prohlcT'~::of ambiguity about whether they qualify as a fann.
1~11ethcrone of thesc SlTW11 LlI1ns gets counted has a g1'(':lter impact, for example,
on an cstimate of the 11l;]1 hlr of fanns than on an cst il1I:Jteof acres in farmland.

In sillnmary, ambigui ty about farm headquarters anJ ;unhigui ty about whether
a farm operation satisfies the definition of a farm arc both major sources of
coverage error. They can be avoided by using the closed segment where appl i-
clble. However, when a fam must be the reportin,Q, unit, there are two possible
survey methods that do not involve headquarters:

(i) The first is to have a questionnaire filled out for every farm
that is within, or partly within, each .sampIc segment (refer to
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step 2 on page.17). This possibility is called the "weighted"
segment because the data need to be weighted. It will be dis-
cussed in detail in the next section.

(ii) The other possible way of avoiding the headquarters problem
is not generally feasible. Give each farm listed in step 2
a conditional probability of being in the sample that is equal
to the proportion of the farm that is within the sample segment,
\vithout acquiring detail about the operator. It is not feasible,
in the writer's opinion, to have interviewers perform the prob-
ability determinations. It would be necessary to have the
step'2 listings sent to the office for random determinations.
The need to send the step 2 listings and information to the
office adds to cost and time required to do the survey, as '
compared with letting the interviewers proceed with step 3
and the necessary interviewing. ~breover, the sampling
variance would be very large.

4.4 The Weighted-Segment Method
The \veighted-scgment method calls for collecting data from every farm that

is within, or partly within, a sample segment. The data for each farm are then
weighted by the proportion of the entire farm that is within the segment.

Initial reactions to the weighted segment have often been unfavorable for
various reasons. One is the fact that the data for individual farms need to be
weighted. Another is that only about half of the fanns listed in step 2 on
page 17 \vill have headquarters within the sample segments. Therefore, for a
given number of sample segments, the weighted segment requires interviews for
twice as many fanns as the open segment. An initial impression of sampling
variance, assuming a fixed number of farws in the sample, might also be unfa-
vorable compared with that of other methods. Horeover, the ambiguities about
what com;ti tutes a farm are not avoided. However, the weighted segment has
some important desirable characteristics and it should be fully investigated.
Compared \vith the open-segment, the weighted-segment method avoids the problems
associated with establishing farm headquarters; and it appears to have a better
potential for minimizing coverage error. Also, as we shall see later, it has a
much lower sampling variance per segment than the open se&~ent. These points
will become more a:,parent as the wcighted-se~;ment method is discussed.

The weighted-segment method is better understood by thinking about a whole
population of segments rather than a sample of segments. In effect, each farm
in the population gets prorated among all segments in which it is located.
That is, \vith reference to a particular segment, the data for each farm that is
within, or partly within, the segment get multiplied by the proportion of the
farm in the segment. Therefore, when the prorated data for each segment are
summed over all segments in the population, each farm is accotmted for in such
a way that the total for all segments is the correct population total. This
will be sho\VIlin a nwnerical illustration presented later. Turn to the numer-
cal illustration on page 26, if you encounter difficulty with the following
algebraic formulation. Corresponding mathematical descriptions for the closed-
and open-segment methods are not included because the theory of cluster sampling,
discussed in sampling textbooks, is sufficient.
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4.4.1 Algebraic~I_(,c;ll iption of the weighted c;vgJ;lcnt. Suppose A. 1s the~-- . - ---~------~-_._- - - -- .- J
;unOllilt of farm land in tlh.it fann in the poplll:1til·fl \~here j = 1, ... , F and F

is the number of [anns in the population. Let ,\. - ],(' the amolmt of farmland 1Il
h h 1J

the} fann that is witJ'.in the it segment of the ]Iopulation where i = 1, ... ,N.
A ..

lnen P .. = ~ is1J A. -
J

all of the J.th f t I . th Pann is in ,1E'1 segment, .,
1J

\\'ithin the i th segment, P__ o. Also,
J J

rf none of the jth fann IS

! . f h . th fl' h' tht 1e prOI'C11"t10nate J ann t":lt IS In tel segment.

1.

If

,\ A .. 11\
, I .. = l: ..2l\1 = 1, and u:: P. _ F.

1J 1 . 1J
1 .I J 1

Remember, Pij is a prop( -rt ion, not a probabi Ii ty.

The total <.f X for the i th segment is
F
l:X .
. J
.I
defined as

Suppose X. is the valuc of some characteristic X for the jth fa.nn.
J

is the total of X fc r the population.

Then,

F
v l: P. X." .
1 j=l 1J J

all [anns that are entirely
the kth fann in the
. '!' 1 • th1s \\'1t 11n t ne 1

(2)

r. 1 d th bIt f t X value for the l·
th

I~XC u ing e possi _i i \' () repor ing errors, ,'. IS :1 llilique
1

segment. When sLUnmedo\'e1' all segments of the POPUl;11'ion, the values of X. add
1

to the population total. Thus
:\ NF FN

\. Ii: P .. X. H P .. \.
1 IJ J 1.1 11.1 J 1

Observe that
\ N
I- 1' .. X. X. because L P ..~

1 J J J 1 1 J

'J r N
Therefore, it follows that i: X. == L X. which shahs tllat l: X. IS the correct1 J , 1
total. J 1

fquation (2) may bc hTi tten in another fonn that is more convenient when
working with sample data. Let k = 1, ... , f. be the i !1(lcx for fanns associated

1
with the i.th segment ..• \S.-:;,)C iated with'! refers to

in or partly in the segment. Let Xik be the value of \ for
ith se~;menJ, and Pik be the proportion of the kth fam that



segment. Then, X. can he w-rittcn as follows:
1

(3)

It seemed somewhat easier to use equation (2) than equation (3) to show that the
X. 's added to the correct population total.
I

4.4.2 Estimators and their variances. Since there is a unique value, X.,
---.----------------- 1

for every segment in the population, sampling theory for cluster sampling applies
in developing a sampling design. Any suitable probability sampling plan may be
used to select a sample of segments. Jlowever, for simplicity and to il]ustrate
how estimates from a sample could be made, assume a simple random sample of n
segments. Let xik be the value of X for the kth farm associated with the ith
segment in the sample. The questionnaire must provide a numerical value of Aik

A'k thand Ak so Pik = A~ can be calculated, where Pik is the proportion of the k
farm that is within the ith segment. Incidentally, "A" was defined above as
farmland. Other possible measures of the proportion of a farm that is within a
segment need to be explored. Estimators of interest include:

Estimator of the population total of X:

X (4)

Estimator of the total number of farms, which IS obtained by
letting xik = 1:

N nf.
F - III PI'k (5)

n ik

Estimator of the average value of X per farm:

~ = IIPik xik
F IIPik (6)

The notation in the estimators could be simplified by using one index of
farms in the sample, but subtotals by segments are needed for estimating sampling
error.

f. f.
I ILet x. = I P'k X1'kand p. = I P'k' Then, assumIng simple random sampling,I k 1 I k I

formulas for estimating the variance of the estimates may be written as follows:
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"var(X)

"
var(F)

(7)

(8)

hhere

y
var(,')

I
(~) 2 [val' (X)+var (n -~cov I\:, F) ]
f

n n
LX. L:p .

1 . 1
1 I

X ---- , p ,n n

(9)

and

cov(X,F)

n
L(x. -x) (p.p)

N(N-n) i 1 1
-ri--- -- °11--1

Even though a part of the '~;lmefarm might be fmmel i11 more than one segment in
the sample, the above fonnul::ls apply; that is, a \\'eightecl part, Pikxik' of the
farm is included in each sc:.;mcnt in which it is found.

4.4.:) Ratio estim;ltion. If a measure of the si~c of each segment IS avail-
ahle, ratio estimation ml~Tlt-be used. For example, tJI(' total land area of the
popul::ltion might he known and it might be feasible to obtain the land area, Yi'
for each segment in thc-;nmple. If the segments van- considerably in size and
X. is correlated with Y., a ratio estimator of the total of X might have a lower

1 1

variance. The est il1k'ltor, \ , would be
1

X
1

;--.J v

(L Y.)~
ill' (10)

N
where LYi IS the total Imd area of al1 N set-,'1llents, '\ IS gIven by equation (4),

1

and I'

The estimated variance o[ \
1

varl :\ )
1

IS

y2(~)2 [var6~)+var(Y)-~ (ov(X,Y)]
I'
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A

var(Y)

var(X)

where

and

cov(X,Y)

N
Y I Y.

1
1

n - 2I(X.-X)
N(N-n) i 1
-r-l - n-l

n
I(y·_Y)2

N(N-n) i 1

n n-l'
n
~(Xi-X)(Yi-Y)

= N(N-n) _1 _
n n-]

With appropriate modifications a ratio estimator like equation (10) Dlight
also be used with the closed segment. With the open segment, if ratio estima-
tion is used it probably would not involve land area of the segments. Before
deciding to use a ratio estimator, it is important to consider the conditions
under which it will be better than the estimator specified by equation (4).
Moreover, with reference to equation (10), do not overlook the fact that the

A N
conditions should be such that the ~e_c_t_e_d_v_a_l_u_eof Y is very close to ~Yi'
Otherwise, there is a bias in the expansion of the sample. To illustrat~,
suppose that the total land area used in equation (10) to expand the ratjo,
(~), comes from a geodetic survey of the whole area. The total land area deter-
Y

N
mined by the geodetic survey might not be the same as IY., which 1S the expected

. 1
1

value of Y, because the geodetic survey did not obtain the total land area b)T
summing measurements of the land areas of each segment in the population. In
fact, experience shows that different methods of measuring the same thing gen-
erally do not give identical results and the difference is often large enough
to be important. This does not mp8TI that Y. must be a measurement that has no

1

~rror. There could be considerable error in
tant things are that the expected value
related to X. in a way that will reduce

1

tion 1n the texthooks on sampling.)

the values of Y .. The two impor-N 1

of Y be close to IY. and that Y. he
ill

sampling variance. (See ratio estima-

4.4.4 Unequal probabilities of selection. The weighted segment method is
not limited to sampling segments with equal probabilities. With lmequal proba-
bilities of selection the estimators, equations (4) and (5) would become:

f.n 1

X L:R. L: P'kX'k (11)
1 k 1 11
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f.
n 1

l:R. l: l\k
i 1 k

where R. is the reciprocal l,f the probability which t11e /h segment had of heing
1

in the sample. Hm.,rever, t h( \Oariance est imators (7) and (8) no longer apply.
Variance fonnulas for the )l:lrticular design of the s;l1'lpk should be used.

and

r (12)

of. ~. 5 Domain cst imat iun. In many surveys, est illla t cs by domains are de-
sired. "Domain" is a ge!1l·-t~lTexpression that refers to :t part of the population,
for ex:unple, a class of L11111Ssuch as 1i vestock fams 0 I" farms with more than 500
acres of farmland. The cstillation and variance fonnuLi·, in section 4.4.2 arc
still applicable if we 1Il::h: the following modificatiu]. Sin~)J)' let \k = xik and

I~:l,= !i'k if a farm beJorl\,"s to the domain and let x., ~ I) and n'k = n if the farn)) r-: I 0. ),,' 1'

docs not belong to the dCiTl,:lin. Substitute x:k ,and f'.", 1"01' x'k and I~'k in eCjua-
L ]" 'It l' 1°

tion (~), (5), and (6). l.quation (4) is then an cst illl:i':or of the total for the
domain, equation (5) pro\"idcs an estimate of the number of fanns in the domain,
and equation (6) gives an estimate of the average per farm in the domain. The

f. f.
use of x: = l:] P:k x:k arll: [''- =: /:1 Pl:k instead of x. and p, in equations (7), (8),

1 k 1° 1° 1 k I 1

:tnll (~)) nrovides estimatl":-' (lj" the sampling variances (II" the domain estimates.

:;. ~Ul1lerical [llustrat ion

To illustrate and cOlllp:lre the three methods of apnlying area sampling, a
small hypothetical populat ion composed of 25 segments, el7 tratts, "nd 30 fams
Has fonnulated. ~Iost of tIll' data for th is i llustrat ion were copied from a
listing of tract and farm data from an area sample in :1.11 area where cattle-
feeding farms were concentrated. A disproportionately large munber of fams
w-ith'Glttle and corn were selected 'for this illustratioll.

Table 2 shows hrm and tract data by segments. III the first column, the
munber to the left of the deeimal identifies the segmen1, and the m.unber on the
right side of the decimal identifies tracts within seg'1l('nts (see section 4.1
for a definition of a tract). Tracts having the same:>£allll munber (see column 5)
compose a farm. An asterisk affixed to a fam munber ,~~gnifies the tract in
which the farm headqlLJ.rtcrs is located. for examp Ie, f.1l111m.unber 3 is composed
of tracts 2.2 and 3.1 and iL; headquarters is in tract e~.2.

To sLUmnarize briefly, the three methods of clerinilll~ area sampling units
call for data collection as follows:

Closed. segment. In a survey using the closed segment, data for tracts
within the sample segment:; would be collected.

Q£en segment. I f the open segment is used, fanl data would be collected
for all rams with headqm rtcrs within the sample se~~ments.
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Weighted segment. In a survey employing the weighted segment, farm data
would be collected for every farm that is in or partly in a sample segment.

As a specific exampl~ of the data that would be collected under each of the
three methods, suppose segments numbered 5, 7, and 19 have been selected for a
sample. Depending on which method is used, one of the following sets of data
(refer to table 2) would be collected.

Open Segment
----------- Farm dataSegment Tract

mnnber mnnber Farmland Cattle Corn
5
7 10 120 0 116

19 24 160 28 0
19 25 300 201 118

Weighted Segment
- -------- Farm data ---

Segment Farm Farmland
mnnber number ln segment Farmland Cattle Corn

~--------- --~-- ----

5
7 2 630 1,260 246 203
7 10 120 120 0 116

19 23 160 640 0 116
19 24 160 160 28 0
19 25 80 300 201 118

Since each of the 47 tracts in the population is associated with one and
only one segment, it is clear that the closed-segment totals, when summed over
all segments in the population, must add to the correct population totals.
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T:1ble 2. - -Tract and fann llata h\· scgr~lents
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Table 2.--Tract and farm data by segments--Continued

Tract data
--" ---- -~- --~--- --Farrrl--------·

Farmland Cattle Corn Farmland
mrrnber

(5)

Segment
and

tract
number- --lTJ-:- ------m-- (3)

Cattle Corn

Farm data

Other tracts In farm
(9)

Proportion of
farm in tract

(10)

15.1 74 19 40 17* 160 25 56 14.4 .462

23.1
24.1
24.2
25.1 400------------

no farm tracts in segment no. 16

N
\.0

16 .
17.1
17.2
17.3
17.4
17.5
18.1
18.2
19.1
19.2
19.3
20.1
21.1
22.1
?? ?•...•.... '-'

360
2

81
74

320
6

480
160
160

80
220
320
160
120
80

280
120

100
2
o
o

145
o
o
o

28
201

o
o

19
o

44
46

o
o

170 18
o 19*

23 20*
o 21 *

120 22*
o 18*

116 23*

o 23
o 24*

19 25*
99 25

o 26*

86 27
60 28*

o 27*

80 29*
100 27
160 30*

"----

366
2

81
74

320
366
640
640
160
300
300
320
360
120
360
280
360
400

100
?

o
o

145
100

o
o

28
201
201

o
63

o
63

46
63

o

170
o

23
o

120
170
116
116

o
118
118

o
186

60
186

80
186
160

18.1
:--Jone
None
None
None
17.1
19.1
18.2
:.lone
20.1
19.3
None
23.1,24.2
None
22.1,24.2
:.lone
22.1,23.1
:---.lone

. 984
1.000
1.000
1.000
1.000

.016

.750

.250
1.000

.267

.733
1.000

.445
1.000

.222
1.000

.333
1.000

Total 12,082 2,106 2,645 30.000
---~---- ------ --------- -------- ~------,--,-- ----------- ----- --- ~
*There is one asterisk for each farm number that indicates the tract in which the farm headquarters IS located.



Likewise, with the open ->l~:1ent, ::;1nce each or t-:I(' ,1':1JT.1:-O is :lssoci:1ted with
one and anI:' one se).,'1ncnt. t 11<'open - scgncnt tot:ll·· '!II, I Idd to the L'OITcct
population totals. It:, ],"s ohvious, hut the '\t' I: I'! segment totals (after
the data :11'e "\\'cighted") Ilht also aLld to the ll)!T(, ~,'t;11s. Con::;idcr segment
no. l~). Three £anns, .::'~;. ~1. and :::;, :l},(' \<"ithin III ;'lit1y \\ithin the segment.
The proportions of these r:il~ns that an: \vithin the' ';"'T!i,'!lt arc:

] 'I Il1]

2 I

) ,~ )

:']'I1J" ~: t Icm

i {)11

: :-,II
(, : f)

I ()l J
] • I)()(]

!h(l

;-)11
.267:-;(I!1

to 1 for each fann.
arc:

appea T 'I: ,~,i

the \\'C i,c',hi " ]
p, 1,' \C)t I,'

lr;

a s an CX:lJI1!'['~ •

l'hese proportions

Illators, equations
ce,hmm of table ::

arc \':1 L! [t'< 0 r P. 1. t ha tl~
(-+), ,,"!, :ll1J (6), for
contai 1::; +hc V:llucs of

it ion (3) :md in the esti-

;t'gment method. The last
tli:1t the values of P'1, add

lr;

1w \\'cighted-segment tot::lls

Cat t1 e

Corn

F::.mnland

(.~;il (0) + (l.OOO) (2S) + (.>,-) (201) = 81.7

( . ,2~iJ' ': I I ()) + 1. 0 ()0 ( 0 ) + (. 2n-' !: 1~n :=. h n . 5

(. ,2~II: ()-W) + (1.000) (lh(l) t .,(,c) ('.00) = 400

\'Lm1bcr of [ants ( .. 2,[1 i + (1. ClOO) + (.267) =- l. '):.,

These totals and L'i)r'I'i"'[1onding wcighted-segllll'l1t )<1I:11s for all other seg-
ments are reconled in tall! " :-;. Segment total s fe,!' thv ,,'losed- and open -segment
methods :1re also shO\m. \ht ice that the \~'eight('l:- :~L'\',1iIl'n.ttotals for fannland
POCl for sq,'1nent no. Ell LI'(' the same ;l~~ the c10,(,d; 'J"ent totals. lIence,
the \veighted-scgment tot ;1] for fann1and are not ..;11,),1 ill tah1e .).

Some analysts have ,,,)\,~l1t reassur:mce reganlill,' the' :lpplicabj1ity of the
weighted segment for an:iJvticll studies. Since the \;1111(' of X for a [ann is
multip1ied by the proport i,'! of the farm that i-~ in fl" ::;e,l.,'TTlcnt,it mii-:ht seem,
at first, that one is dl';;! i!,~ h,ith fral'tions or LlJ"I' ':lthcr than whole Lnl11s.
But that is not actually the \.:ase. The situation i:-; <!lIilar to weighting sample
data Ivhen sever:ll sampl i JI),', rates 3TC involved. Ih l'~ II') int was considered
hriefly in section cl.4.:;, The technique that W;lS ollt1 inc,l is cornmonly usec.l by
st:Jtisticians as a short. ~lncr3l !!leans of specif\:11 i pt'(Kcdllre for !Tl:1king
estimates by domains as v,l'll as for the \<"})ole pO[:11Lit i'ln.

To il111strate, suppose L;Tl< Tllunhered~. 7, 1::, 1~, ,n! .:~ compose a domain and
that one wishes to make l','et imates [or this domain. 1'1)111tablc :: the tot:11s and
averages for the 5 [31111:; ii, this domain C:lI1 hc ()ht:lill' t. Thv results arc:



Table 3. --Segment totals--closed, open, and weighted
______ ~_--~_-_----"C-~-- __~ ___..

Segment fannland ;.Jumberof farms Cattle Corn
----------- ~----~----- ---.--- ----number Closed Open Open Weighted Closed Open Weighted Closed Open Weighted

~----DT---~(2J --T3T---- (4) ·----(5)~- (6) (7) (8) (9) (10)
1 160 100 1 1.000 37 37 37.0 64 64 64.0
:2 480 1,854 -) 1.661 278 278 49.4 165 465 166.23 664 " 0 0 .912 24 0 92.6 332 0 189.5
4 ~7~ 490 2 1.592 93 93 55.1 114 159 94.1:J_/

5 0 0 0 0 0 0 0 0 0 0
6 484 564 3 2.800 90 114 95.8 101 133 115.0
7 7:=;0 120 1 1.500 0 0 123.0 t 116 116 217.5
8 395 236 1 1.497 109 82 122.7 129 104 116.4
9 403 0 0 .553 0 0 83.2 45 0 96.4

10 630 0 0 .143 340 0 111.1 160 0 45.8
11 1,275 4,400 1 .290 437 777 225.3 160 320 92.8

V-l 12 1,800 0 0 .409 0 0 317.8 I) 0 130.9f-'

13 755 140 1 1.140 26 26 134.8 39 39 83.8
14 462 535 3 3.041 68 89 61. 7 147 156 173.7
15 74 160 1 .462 19 25 11. 5 40 56 25.9
16 0 0 0 0 0 0 0 0 0 0
17 837 477 4 4.984 247 147 245.4 313 143 310.3
18 486 1,006 2 .766 0 100 1.6 116 286 89.7
19 400 460 2 1.517 229 229 81. 7 19 118 60.5
20 220 0 0 7~~ 0 0 147.3 99 0 86.5. , -~.)

21 320 320 1 1.000 0 0 0 0 0 0
77 280 120 1 1.445 19 0 28.0 146 60 142.8
23 30 360 1 .222 44 63 14.0 0 IS6 41.3
24 400 280 1 1.333 46 46 67.0 180 80 141. 9
25 400 400 1 1.000 0 0 0 160 160 160.0

------- - -~-----~-------- - ----- ---,~ - ---~---~
Total 12,U82 12,082 30 30.000 2,106 2,106 2,106.0 2,645 2,645 2,645.0
--- - --------~~- -~,--- -~---- ---- - ----- --~- ---- ~--, ~- - - ---



Item Total \v~e!,as.('

Fanll]~l!hi :::, Il()11 ~U.2
Ca t t Jc IllS ~)9.6
Corn I ~'L'i ~)h. ()

A reader may verif\' th:Jl 1h' e:stlITlators, equatiorl< I:, ('1), and (6), ~lT1dthe
procedure outlincd ill <l,'1 1/)11 ~.cJ.S are appropri:ltc fl)' estimating these totals
and averages. Trent th ,~ sq..,1ments :lS :J sample. Th'Jt is, make the ca1L'ulations
as though the 2:1 segmcnt< ,\,'1'(' a sample from a [11,:(: [1opulation. Taking the 2'1
segments as a s.::ll~lple, cl i':!irntes random sampl inl~ ern1!' :in,l the results should
agree exactly \\'ith th(,II'(\':' tot~lls :md ~l\TeragC's for till' '1 fanns.

Since the samplin): \ 1l'l:trlCe is a function 0: V:II'j:ltion .1mong segment totals,
it is important to stlld t I )le :; and its derivat iOIl I'n;m table 2. FX.1Jlline the
V:lr iat ion ;unong scgnent 1,\ i ,11 regard to the thn'(' me': llDds. For crop and other
items that are limited '" JI!i)llIlt of land, the clos("']"l'.l~ment method imposes:1
J:1:1xiIl1lUnon the segment I'it Ii. ()bviousl~;, the acrC';I~" 11l1der corn, for ex;ullple,
cannot he greater th:m t"l :lJllOunt of fannl~md \\ i 11Iin t ilC segment. Rut wi th
the open segment, the IILI-:inlJ]] amOlmt of corn tha1 ',() Il,J he "in" .1 segment c:ln
he at least as much as ~;1(' :IIIlOl1I1t for the farm in tb,' j)o{llllation that is grow-
lI1g the 1:1rgest ~U11011ntII

Obsel'\'e, in tahle ,I 1:1(' variation 3Jnong SCplll'Ilt~ in the amount of fannland
and compare the open and ,':(Iscd segments. for ch~n:Htr:Tistics that are highly
correlated with amount 0' !';illnland, the closed scgPlclit,\ill have much lower
s~lJnpl ing variances than rill open segment, asstuning the' ,l'lOlU1t of land in seg-
ments can he effectively 1"'I'lmlled in the procc:-;s nt' ,ielincating segment:;.
One might 2.\pect the di I'l'l Tl'rll'eS in v3riances beth'cC'1I ~]pcn and closed segments
to he less for 1 ivestocL t )':m for crops, hecause: th(' Tlilmhcr of ] ivC'stock is
1imited to :1 les:-;er de.l'l'<'l' I \' the :lJnount or land in:: ,('::nlcnt.

For characteristic~, (~l>rrC'1ated with amotU1t of ":II'l':Lll1d the \\l'ightc'd-c:eg
ment method, like the cI,,;(,1 segment, imposes some ,I,ntrnl on the maximulil \'31ues
of totals for segments. ] ('I example, the acreage oj' ,_'('1'11[or a segment after
the data arc we ighted C:II IH t cxceed the amotmt 0 f f:J )'11) I:llld in the sC.'-,'111ent. Th8t
is, \\'ith reference to Clil:il iem (:;), if :\ is the al'F';J':,i' in any givcn crop, the
weighted-segment total, \; l"lllnot exceed the Lmd :]](,;) of the :-;egment. Rememher,

the sampling varial1ce f,): t Ii.' h'e ighted se)....'11lcntin\'o I \ I,' vari:mce among the -\.

,\s another cx~unp](' 'f :u\'.; the v,'eighted and Ollcn '~",L:Jll('nts differ with regard
to s311\pl ing vari~lI1ce, 1'('['('1 to table 2 and farm nn. 1-;, Parts of this [arm arc
in five segments. 1t h:l<\, )(1(1 acres or fannland and '~'~ cattle. The open-
segment method assigns :1; I ,~~ cattle, reganlless oj 1,1\1'1'(' they arc loc:lted,
to segment number 11. Pl i '-;1I1e fa 11'1has a major iT1j1:kt on the sanrp1ing variance
for the open segment. 'j'I,' ,,' ighted- segment method )(' I, IL'I_'~:, in this case, the
sampling \'ariance hy "di\ i,lilL:" the fann into P:lrts, ~~(':~~lrdless o[ where the



Weighted

cattle are located~ the weighting involved in the weighted~segment method has
the effect of distributing the 777 cattle among the five segments as follows:

Segment Cattle
9 14

10 111
11 225
12 318
13 109

TOTAL 777
Notice that the more segments that a farm IS located in, the greater its chance
of being in the sample.

Table 4 shows the relative variance among segments for each of the three
methods. The variances were computed from the data shown in table 3. Although
this numerical illustration does not provide a basis for generalization, the
results in table 4 are not contrary to general experience. As one would expect
from the above discussion, and as found in various studies, the open segment
has much larger variances than the closed segment.

Table 4.--Relative variance among segment totals

Relative variance 1/
Item

. Closed . Open..--------~-------------- -----------
Farmland :
Number of farms :
Cattle :
Corn :

0.68
xxx

2.12
0.73

3.55
0.87
3.71
1.21

0.68
0.84
0.97
0.48

where X. is a segment total In table 3.
1

Since a farm is equal to or larger than a tract, a sample of n segments
using the weighted segment gets data for a larger proportion of the population
than the closed segment does. But, after weighting the data, the "size" of the
weighted segment with regard to acres of farmland is the same as the "size" of
the closed segment. Hence, the part of the variance among segments (sampling
variance) that can be associated with the variation in size of segments appears
to be approximately the same for weighted and closed segments. Moreover, the
weighting of the '~eighted-segment data has an averaging effect. Therefore,
it is reasonable to expect the sampling variances for the weighted segment to
be generally somewhat less than the sampling variances for the closed segment.
However, costs must be taken into account.
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It is of interest ',) '(1);lpare the relatin' \;rll';c' alllong the :;0 fanns in
the l1luncrical example hi'l1 :he relative variancc> ;r:lllln' -;egmcnts. The rclative
\':Iri:mccs among the ,-:;(1 ~-,,)" I· ,Ire !)rcscnted in thl ! I '.i,l11Unn of tahle S. 1'01'
]1ul'[\oses oC comparison, !I J,'Lltivc v:lri;ll1cl':-, ,IlIIUI.. I_c')IlC'IlL-;need to he
l'oll\'crted to the equiv:l!I'!l' (If onc Canll. The (Ji1l'II'I'! [w'nt has an a\'erage of

~~ = I.': f:11111Sper SCgl'Ii'I!: ';)ld Cor tIll' \\cightcd ~1'!'!'I\"lt the aver3ge I1lmlher oC
- ,) 1-
Linlls IUI1\\'eightedl h':LS" 1.~8. To COll\'crt till '-,llrl!l'~l'S In tahle 4 to the

equiv:ilent of one f:Jrm, 'lit iph' the open-segmcnt \;11 1I!I'es hv 1.': and the
\\'cighted-segment \'ari:llh-' ;,\ 1.8S. Thi-.; ,L;in's th(' )",111'-; 1'01' thc open ano
\\'cighted segments shO\\lJ 1 t'lhIe S.

Rclat iVC' - variance ]1erll"!

Item

1;1 Lit 1ve varl:.lnce mnong
: :'-lgr:ll'll t S on a JlcrJarin hasi:-

'!pL'n We igh t cd

Relative
variance

among fanns

Fa rm 1and :
\ilunher of f3nns :
Cattle :
r:o rn :

I. =6
I , !)1
l . -+ 5

1. 28
1. S8
1. 82
n.90

3.89
xxx

4.40
f).90

As expecteo, owing te' .\'ithin-segmcnt correlation. the V:lrJances among
open segments, tahle S. arc c',reater than the vari;Jrll'c~ ,1I1i0ng individual farms.
With refcrence to the \VCiLJ't'd segment, the impac-+: or \.ithin·segment correlation
was morc them offset h)' the 1':ICt that th,_' h'eightcd ';('I~,'('nt hall the effect of
dividing large fanns inti) -';',l[l1er lU1its. Th('reforC',I~-:-,hO\m in table 5, the
net result was that (eVCr1 11[1 ') per farm hasis) the \':)['iance fo'rtheweighted
segment h'as less than tIll \ It"iance among indivichul ! "liS. This l1lunerical
illustration docs not pr:-1vi l·' ;1 hasis for gener;]l i:::at [(Ir1; hO\~'ever, the results
are not contrary to what lfl' J11ight e:\lJect.

6. Discussion of tb,.' Three Definitions of\rcJ ~ampling Units

The Jl13i:,'nitude of oi !-I-C'II'lKes among the three met'11)'!:; of defining area
sampl ing lmits depends 01) \,)l':!l conditions. At one' cd rcme the three methods
could be identical. For ,',\:ulple, asslUTIC a situation \\'here every fann operator
lives on his fann and \\'11<.'~·eI'\'ery fann is a small, cOlltinuous piece of land. If
none a f the fanns overLl1 ': s'--'.'~IIlcnt bOlmJaries, the c lo:-;eJ-, open-, and weighted-
se~rment methods woulo he i'\I'lltical. But fanns v~lr:, hidely in size and type.
Some fanns are composed i)'- "]Ore than one tract, and ;n;lIiagerial and tenure
arrangements give rise t(1 :u)J)i.\~uity about ""hat constitutes a fann and who is the
operator. It appears th:l" IJIII' method is not lmi versa;] \' hetter than another.

\\11en comparing the tln'l' methods we need to con';'l:l'r the character of the
population to be sampleLl, the- kind of data to be colll'deLl, the applicability
of the concepts on which c:ld, method is hased, sampl i ng variance, coverage
error, response error, :1l1,] (~;ts. Much additiolU1 ('\li.'l'ience is needed as a
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basis for practical judgments on the choice of.methods. In this publication
it is not feasible to go nluch beyond a brief discussion of concepts and some
indication of the circumstances where one method would be expected to work
better than another. Documented studies of comparisons of alternat ive methods
anu p'rocedures for applying area sarnpling are very 1imitcd.

Since the closed segTIlentis limited to surveys where tracts are suitable
reporting ooits, a comparison of the closed segment \\I'ith the open or weighted
must be limited to such surveys.

Initially, at least in the Gnited States, the open-segment Inethod was used.
But, problems of coverage error, particularly problems of identifying farms and·
of associating farms \\I'ithsegments, led statisticians to search for a better
alternative. The closed segTIlentwas tried and it proved, i\l'bereapplicable, to
be far superior to the open segTIlentwith regard to sampling variance and coverage
error, particularly if photographs are utilized in ~he enumeration of segments.
As a result a strong tendency developed to use the closed segment to the fullest
extent. Although coverage error for the closed segTIlentis relatively 10\\1',
response error is one factor that limits its applicability. Response error
varies from being nil in the case of crop acreages, to a problem of some magni-
tude in the case of livestock inventories, to being impracticable for chLlracter-
istics where a farmer is not in position to report for a tract. For example,
it is generally not practical to collect data by tracts on characteristics such
as costs of production or sales of agricultural products. Such data are often
referred to as economic data and are usually associated with a farm as a busi-
ness enterprise and not with a tract.

Hendricks, Searls, and Horvitz have compared the closed, open, and weighted
sel.pllents'\I'hensampling for crop acreagesQ!. Their results, as well as many lill-
published sampling variances computed by the Statistical Reporting Service, sho\\I'
that sampling variances are definitely smaller with the closed segment than \\I'ith
the open segment. The results reported by Hendricks et al. also sho\\I'edthat the
weighted-segment variances range from about the same to moderately lower than
the closed-segTIlentvariances. Comparisons might be quite different for other
kinds of data.

The average field cost per closed segTIlentdepends heavily on 'vhether it is
necessary to contact the operators of all tracts in the segments. For some
tracts and kinds of data it might not be necessary to interview the operators
of all tracts. For example, in a survey to collect data on crop acreages it
might not be necessary to contact operators of tracts that are covered by trees.
However, if we assume that the operators of all tracts are to be interviewed,
the closed-segTIlentfield cost could be nearly as much as the field cost for the
weighted segTIlent. That statement is based on an assumption that the question~
naire is the same except that in one case it pertains to a tract anu in the
other to a farm. For the weighted segTIlentthe average interview time would
probably be somewhat longer, although in many cases a farm operator can respond

6/ Hendric~a., Searls, D.~and Horvitz, D.C. Chapter 11 of "I:stimation
of-Areas in Agricultural Statistics", Food and Agriculture Organization, Rome,
1965.
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more readily for his fanl tl;m for a tr:II.-t. 1I0hl'\>;, rh' co:;t of di\;idini-, seg-
ments into tracts :md of ,', I t:lcting opcr:ltors f(;)" ,,"t' ,n;IL intcn'iC'h's is a sllh-
sUmt i:11 pelrt of the tot: 1 '. nst. Perhaps, for ';()"k' ; :'\('\'S, the difference in
:n'erage cost per segment \I('lild be as 10\\ :IS 10 ]1C)",."lt, Thue; there arc cir-
Clunstances where thel.'lu;,·J :md weightC'd-segrne~lt !!k'f1'1.1,~ appear to he competitive
(or nearly so) in terms,' 11I1Ip1ing val' i ance per ,k,l] Thl'rcforc, s incC'
coverage and response crlCl tenJ to he major SOlln:c.; .,[' error, there is a strong
indication that for som{ ',Id \('\'S the T!\(ht illlport":l!lt 1 tl 1'C'rion in making ;1 choice
beth'een the closed and II', 1:'HC'd segT!\ent i,,; the 'Jlll"1 i 'I :11' Ilhich method involves
the least coverage and l' "I( '!1..;e error.

A similar compariscl ht\\'cen the c']osl'd and :;P"J );JII('nt is more difficult
to make because they ha\l kss in comJllon. Ilm,ever,;it this point in the dis-
cussion, the question s( \ '" tn resolve into ;l 1I1;ltII:' t' ,," hOh' the Open - and \\'e i ghtcd-
segment Jl1ethoJs compare. 111:lt is, when the clo:,cllcl",I'll'llt is not applicahle,
\\'hich alternative, open ,)" \\eighted, is hetter? In II:I,'t Ice, there has hC'en a
trend to 1LSe of the ClO:;l,l sc:,:ment to thl' fulh",t cdvlt possible and to use the
open segment only h'hen t)", :losed is not :lpplil'ahl(: 'If the \\'eighted segment is
1)eginn ing to attract morl :it tl'llt ion.

As pointeu out carl ilT, the closed segment i·; !II t ;Ijlpl il'ahle hhen (1) surve~'
requirements dictate that Limb must he the reportin~' Imils or (2i response
errors preclude use of tiCk!'; as reportin~: units. II; :()I~le surveys it is fe;lsihle
to collect only part of t'll n'quired data by the _ Ii, ' ! 'e~m('nt method. There-
fore, to take advantage of tIle closed segment, a .Jl!III'in:lt ion of two methocls
(either closed :md open ()r,'loseJ and \\'cightcdl 11,1SIl'·,)1 llsed simultaJ1eously in
the scune survey and sampk ,)fc:.egments. h11ich l'onhil111 irlll i~~ hetter? Since the
answer depends partly on :11';, tile open ;mcl \,eightl'1 " "'ilL.; COJI1p;HC, discussion
of this question \,ill he "kl"~'rred to a Liter se('til')I,

The open- and wei~~htl',l .;~'gment methods :ire ap;111l'j!'!C' \\hcn fanns arc used
as the reporting 1mits.

With the open segmc'llt, the choice hct\\'eel1 th,,' 1:1,'1 ,"p('rator and the fann
approaches as discussed itl 1,::'.1 and ,L:i.'::: is :m il"I,(ll'!.d1t consider:1tion. The

'\\'eighted segment entails :\[11\" the fann appro:ich; th:lt " the cOllcepts of the
weighted segment and thl' I':t1'11 operator approach!!\ rl,:,'orJpcltih1e. lIence, in
the discussion of the 0pe'!1 \''; weighted segment t1l1t : ': )"\\'S , the fann approach
is ass1nnec.!. But first I ,,'t IS revie\~' the condit i"n' j :It :Irc favorable to the
fann-operator approach an,1 t'll' open segment.

You will recall that hit'h the fann operator :IPI,)"l,!']1 the ohjective is to
find, within the bowldar~:'~ Jf each sanrp1c segmcn:, .Ii I J('sidcnccs of farm
operators. The farms cor:'c"; Jlmding to farm opcr:l~Ol', ":h,, have a residence
(dwelling ooit) in a sClJn[,j;'~'glllent arc in the >:li'i!l;, :\ote: Surveys in
\\'hieh fann households arc t :1·' approprj;Hc report jpg II!' i t·~ arc not incluJed In
this dicussion.)

The farnl-operator ;[j'l'r')ICh \~'ill have minim:ll l.'('\"':l,;~C' error when (1) simple
rules establ ishing a one, tll Hle correspondence lw' \\1('1: . <",l'rators and fanns em
be fonnulated and appli cd \\ i th very Ii tt 1c ambi,l'\1i t\ ,') evcry operator h:1s



only onc residence, and (3) most residences within the sample segments are
occupied by farm operators; Under these conditions the task of screening for
farm operators is not a costly factor and tendency to overlook any farm-operator
residences should be minimal. If, in addition, it is possible to design the
sample so there is approximately the same number of farm operators in each seg-
ment, the conditions are generally favorable to the open segment (using the farm-
operator approach) with regard to coverage error and sampling variance.

As pointed out previously, reasons for considering the farm approach as an
alternative to the farm-operator approach are (1) the problems of screening for
farm operators in segments where many nonfarm families live, and (2) the problems
of matching farm~ and operators. Conceptually, for any given sample of segments
the two approaches give identically the same sample of farms unless there is a
difference in the definition of farm headquarters. There is a wide difference
in procedures for applying the two approaches. In either case, the major
challenge is to achieve complete and accurate identification of all farms witk
headquarters in the sample of segments. Omission is usually greater than dupli-
cation. The percentage of incompleteness can vary from perhaps nil to several
percent, depending on survey materials and procedural details and whether such
details are in accord ,~ith sound concepts. The experience of the survey organi-
zation and the amount of emphasis on training and supervising interviewers are
also important factors that contribute to achievement of complete and accurate
coverage. There has been much experience with the open-segment method and many
Jifferent procedures have been tried. However, better solutions to the problems
of coverage error are needed, which is an important reason for directing more
attention to the weighted-segment method.

The main pllrpose of the next two sections is to indicate that the weighted-
segment method has much merit and that it should be thoroughly tested as an
alternative that might be much superior to the open segment, at least under some
circumstances.

6.2.1 Sampling variance and costs. To review briefly, the weighted-segment
method requires dividing each sample segment into tracts and interviewing the
operator (or some other appropriate respondent) of each farm that is within, or
partly within, the boundaries of the segment. The data collected pertain to
farms, not tracts. The open segment (farm approach) also requires dividing each
segment into tracts. Farms with headquarters within the sample segments are in
the sample and the operators of such farms are interviewed. Assume that head-
quarters is defined so it is always a unique point within the boundaries of the
farm. Then, for any given sample of segments, farms in the sample using the
open segment are a subset of farms that would be in the sample if the weighted-
segment method was used.

As an aid to discussion, very simple variance and cost models will be help-
ful. Assume a stratified random sample of segments, using a constant s~)ling
fraction. Ignoring the correction factors for finite population, the variances
of the sample means per segTIlentcan be written as follows:

VVex ) = 0 ando no
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where V(xo) is the variance of xo' the sample mc:m pCI' c;egment for the open-
segment method,

Vex )w

vw

n IS the number of segments in the open SCgllHflt sample,a
V IS the variance among open segments withi.n ~~trata, anda

V(x ), nwand V are similarly defined for the weighted-segment method. Forw w
cost models assume:

C Cf + no Co

C Cf + n Cw w
where C IS the ,,~"dl cost of the survey (it IS the "dme for both methods),

Cf IS the fixed part of the total cost that 1 ~; not related to the number
of segments In the sample,

C IS the average (I)5t per segment with the DIlen segment, anda
C IS the avera,~e L'OSt per segnlent \vith the ",,(,ighted sei,.,'lTlent.w

segment will be less than the variance, VCx ), \\'i tha
following inequality holds

AsSWTling the total cas t I.'; fixed, the
the cost models. It can he shown that

scunple si:::es fl ;Jtld n are detenninedo w
the variancC', \'\), with the weighted

\\' .

tilt open segment if the

from

It appears, in general, that VW IS much less than \'0' As pointed out
previously, there is good reason to believe that t he;;lilTpl ing variance for the
weighted segment is about equal to or less than the s:lmpl ing variance for the
closed segment; and it is \..•e11 established that, in general, the sampling vari-
ance for the closed segment is (at least for crop acreages) much less than the
sampl ing variance for the open segment. Incidentally, ':he results published by
Hendricks et al. showed that for the acreages of seven l~rops the variance with
the weighted segment averaged about 25 percent less than the variance with the
open segment. For estimate:; of the difference between t \\1) :'e<1 rs, llS in~ a
matched sample of segment;..,. their analyses shO\\Jed th:Jt the \';triances \~'ith the
h'eighted segment \\'ere 1(':;:< tkm half of the varj;lI1cC'c l'.itll tl1(>open segment.

To look at comparati\'C' Losts, consider the cost or the weighteJ segment and
the saving,'; that would occur if the open -segment method \,'cre used instead. With
the \veighted segment, the first two steps at the end (;r1.3.2 would be carried
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out and a questionnaire filled in for every farm listed ln step 2 as having
some land within a sample segment.

Next, assume that the field procedures thru step 2 in 4.3.2 are the same
for both the open- and weighted-segment methods. In the United States roughly
one-half of the farms listed in step 2 as having some land \~ithin a segment also
have headquarters inside the boundaries of the segment. Such farms are included
in both the open and weighted segments. The costs of acquiring data for the
sample farms with headquarters outside the segment (needed for the weighted
segment) is where most of the difference (increase) in cost occurs.

The need to minimize coverage error requires very careful application of
rules for associating farms with segments, and thus determining which farms are
in the sample. To apply the open-segment procedures effectively, it will prob-
ably be necessary to contact some operators of farms that have headquarters out-
side the segment. This might be needed to resolve any uncertainties about the
land in a farm and the location of the farm headquarters. Suppose f is the

w
number of fa~s in a sample of n segments using the weighted-segment method, and
suppose f is the number of farms in the same sample of segments using the open-
segment mgthod. Since f is approximately (1/2)f , it seems clear that C musto W 0
be considerably larger than (1/2)Cw for two reasons: (1) The costs of dividing
a segment into tracts and of identifying all farms in or partly in the sample
segments is common to both methods (this cost is a part of C and C , not Cf),o w
and (2) some farms in f that are not in f would need to be contacted under

w 0
careful application of the open segment method. It is not possible to make an
accurate prior judgment of how Co compares with Cw for every survey situation.
However, even if the inequality does not hold, it appears that C in relationo
to Cw is large enough to justify testing and comparing the two methods, partic-
ularly \~;hcnthe need to minimize coverage error is considered.

6.2.2 Covera e error. It is convenient to divide coverage errors into two
categories: Irl Incorrect determinations of the composition of individual farms
and (2) incorrect association of farms with segments in the sample. These two
kinds of error are not independent.

With the weighted segment, correct coverage depends on accurately account-
lng for all land within a segment and not overlooking any farms that are located
partly within the segment. Field procedures, survey materials, and instructions
need to be developed with that in mind. Each interviewer must have full know-
ledge of what a farm is and the ability to determine its location geographically.
Data for the entire farm must be collected for every farm that has any land
within a sample segment.

With the open segment, but not the weighted, an interviewer shoulc.1know how
to determine a farm's headquarters and its location. The development of specifi-
cations that define headquarters and the training of interviewers so they acquire
a clear tmderstanding of how to handle all situations is difficult and complex.
Avoidance of the problems of defining headquarters and the associated coverage
errors is a major reason why statisticians often look for an alternative to the
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open :-;egment. The hei,l',ht.,j :-;egment avoids the prahl,!r, 11f idcnti fying and
locating headquarters hut 11:1: docs not necl'ssari h' 11;(:11 1hat the C0\'0rage
errors will he less.

To develop more fulh the concepts of how the Ojl{'11:rl;d \-:eighteJ se.l,rments
compare, a few different situations could be considcre"j, For example, suppose
there is a small tract within a segment which shows no evidence of any faming
activity on it. /\sSlUTIe thi~ tract by definition is 11;11'1 of a fam ::md that the
rE:'mainJer of the fann is outside the segmE:'nt. Sinl-e tl1l' tract inside the seg-
ment docs not have the appv:lrance of being purt Of:1 LlrJll, it could easily be
classified as not part of:1 L1nn--particularly hy ,m Il1tl,tTiewer who is not
giving full attention to dCt:lil or who does not full\' :m,lerstand the survey
concepts as they pertain to his job. HOhrever, sUp]lO:;C 1he tElct is misclassi-
fied as not heing part of :l f1lln. This would result ill :lJ1 omission under the
weighted- seginent method, hut the omiss ion \;'ould amount to :I fract ion (proport ion
h'ithin the segment) of the !:lrIIl, not the entire rat11l. Lith the open se.l,'TTlent
this misclassification \<iOllll] incorrectly omit the entil'e' ralln only if tJle heaJ-
qU:11~t_eTsof the fann happened to he in the segment. 111','iJentalli; th-is i ~~a
good case that partly il1ustl"ltes why the closed segment has 10\\' coverage error.
If a tract within a segment jus no agricultural act i\i t\ that should he included
in the survcy, it does not matter (with the closed segment) whether the tract
was correctly or incorre,.-tl\:lassified :1S part of ~l f:ml1. Consideration of
hm</ coverage error might I)l-l'ilr in various other C~l'~l':' II:, L,ht be a useful exere i se,
but there is no substi tuh' r~Jr experience aIlll te::; t in,C: ,I] t erna t i ves lmder actual
operating conditions.

Survey statisticians hit!l experience in area ~;mlJ! nt: h:l\'e different vieh's
on the potential of the \\c'ighted-segment method. Thl' '.\Titer riappens to he among
those who believe the \</ci,\..;htl'J segment should he Ltl:> ,,'xldored :1I1d developed.
It is easy to describe l' i rl'llIlhtances (perhaps hYj1otJ1l'1 i,':d I \\'here tJie open sq~-
ment would clearl>' he pret'c'Il'_'d, eSjwcia]ly if mw'i1 (,t Ill\.. data to he collected
arc char:1cteristics of 0pl'r:lt )rs' households and oth"1" l~inll people rather than
to fan;\s. lIm\'cver, it \\;:15 op,'rating prohlems in the ~1:1I)]ication of the open-
segment method that led tu t:I,' development of tJw ,:1(1:,,1 s".l~ment. The hTiter
docs not expect the CO\leLl!,',l','ITor for the \~'ei,l',h1erl '-.('''I'l'n1 to he as 1m~ as
for the closed segment, hllt, 1S stated earlier, th,:'n'II'(' characteristics
where coverage and responSl' .' 1'1'01' comh ined could h,,' 1(1',\, r for the h'e i ghted
segment th:m for the closl',: ~,'grnent. ~loreover,:1 1)('1t"1 method than the open
sq.,TJllent is needed when ]'C'11"'lt in,\..;units must he r:lJ'lr:;,

Incidentally, expericl1c,,-, has shown that coverage 1'1'1'01' varies considerahl)'
from one characteristic tr) :Inother within the same sur\',_,\ and sample. That is
to he c:\.l)Ccted if, for eX:l1llp11:', small fanlls arc over] oo~ed more frequently th;m
large ones. Coverage crror ,:nulc1 he quite low for (':;t imatec1 totals of some
items such as crop acreages hut high for estimates of ntunhers of farms which
happen to be very scnsiti\'C tll how a farm is defined :11111to :1mbiguitics in the
application of the definiticn of a fann. It follo\\:; 111:it estimates of averages
per fam are alsQ sens it i \T. llii th the open segment thc' munher of fams per
seh'l11ent, as found by inter\' i ('wers, has var ied from one ',;urvey to another even
though the uefinition of 'I f:lnn anu the sample design n'T11:1ined unchanged.
Di fferences in (1) the pllr:~o-;('s of surveys, l2) thc'<l1r'\'ev matcrials, (3) the
operating procedures, and !.~) cmphasis on finding ;11j 1-; JlllS that should he in the
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sample have a bearing on the amOlmt of coverage error. Whether results using
the weighted segment would be more consistent is unknown because of insufficient
experience.

Investigations and analyses of coverage errors are urgently needed. We
need to knO\'o',for example, how the average coverage error (or bias due to
coverage error) in Xw compares \vith the average coverage error in xo' where Xw
and x arc the sample' averages per segment for the we ighted - and open -segmento
methods. With the weighted-segment method the farm data for a segment get
weighted (multiplied by fractions) which gives a segment total that is equiva-
lent to the sum of the land areas of the tracts in the segment. This means that
the composition of bias due to coverage error differs from the open-segment
method.

A view of one aspect of coverage error can be expressed briefly as follows:
With a rcmdom sample of n segments from a population of N segments the theoret-
ical sampling fraction is~. The actual sampling fraction that is realized In
a survey is likely to differ somewhat from ~ because of coverage error. As
stated in preceding discllssions, survey experience wi th the open se~'1Tlentindi-
cates great difficulty in achieving an actlml sa~)ling fraction that is close
to R' Perhaps operations with the weighted segment can be more successfully
controlled in the sense that the realized sampling fraction will be closer to
B-. Conceptually, with the weighted segment, the value of the total of X for a
segment (see equation (2) in 4.4.1) should be on a level that is equivalent to
the sum of the land areas of the farm tracts within the segment. Remember that,
with the closed segment method, a segment total of a characteristic is also on a
level that is equivalent to the sum of the lanel at'eas of the farm tracts wi thin
the segment. We need an answer to the question, Does the weighted-segment method
offer more potential than the open-segment method for minimizing bias due to
coverage errors?

Considering the experIence now acquired, greater dependence on area smnpling
and improved materials for area sampling, the time has come for a full explora-
tion of the weighted-segment method, especially in situations where the open-
se~'1Tlentmethod is least workable. Survey methods employed should not overlook
the possibilities of a combination of methods as discussed in the next section.

6.2.3 Combination of methods. In surveys where only part of the clata are
amenable to being collectea by the closed- segment method, either the open- seg-
ment or the weighted-segment method may be used in combination \vith the closed
segment. Which combination of methods is better, closed and open or closed and
weighted?

It appears that in all situations a well-designed sample employing the
weighted scgment would also be well designed for the closed segment. With
reference to the open-closed comhination, the principles for defining seb'1Tlcnts
differ hetween the open and closed. In somc situations the sanle sample of seg-
ments cannot be well suited to hoth closed and open. Consider the situation
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where nearly all farm operators live in villages. In tlis case, an efficient
sample for the closed-segment data would not be at all ~imilar to an efficient
sample for the open -segment data ~'asslUllingthat a [ann': headquarters is defined
as the operator's residence. (If the difference is not ~lcar, observe that a
high proportion of the segments in an efficient closed-~egment sample would be
found in the open country \\'herefarmland is located. \\'ithan open-segment
sample, we want to equall:.:ethe nlUllberof farms "in" the '.:.egmentswhich would
put a high proportion of the .:.ampleSeb'1l1entsin the vi 11ages.) ~loreover, in a
given sample of segments tmder the circumstances descrihed, very few operators
would be interviewed both for the tract data (closed se~;rnent)and farm data
(open segment). That is, ven' few of the farms and tTllt c; involved would be in
corrnnon. Considering sampling variances per dollar, it might be better to have
two surveys employing di Horcnt samples .. One might be designed efficiently for
the closed-segment method (data) and the other for the·open. For the situation
just described the closed-weighted combination seems clearly superior to the
closed-open combination hi th J:egarclto matters of sample Jesign and the fact
that the same farms arc involved in the collection of tract data and farm data.

In planning a survey, consider carefully the costs per segment for the
closed-weighted and closed-open combinations. The difference in costs might be
small in relation to the smalIeI' sampling variance for he ighted -segment est j-
mates.

Finally, there is an important point to be considered regarding coverage
error and response error, which has not been discussed and is often overlooked.
The complexity of the interviewer's job and its relation to the frequency of
error is a key factor. That is, additional increments of refinement for the
purpose of reducing error m1 ght actually result in a ne1~ increase in the overall
munber of errors. Which combination (closed-open or dosed-weighted) is easier
for an interviewer to understand? The closed and wei);hlcc.1have much in comnon
and it is not necessary to get involved in the headquarters problems. Farms
corresponding to tracts in tIleclosed segment are in the wcight~d segment. Thus,
the same operators are inteniewed for tract data and fot,farm data. 1ne con-
cepts in the closed-open cOJ1ll',inationare generally more di fficult for inter-
viewers to understand fully .

7. Constnlction of Area 5amp 1ing Ir,nnes
7.1 Background

The construction of an area sampling frame is viewed herein as a major
investment to be amortizell over a long period and many surveys. After initial
construction of the frame is completed, a staff should probably be maintained
to make revisions or improvements in the frame and to select and prepare samples
as needed. An adequate continuing program of maintenance and improvement could
reduce or eliminate the need for finding resources for a complete reconstruction
of the frame after several veal'S have lapsed. }-lonroeand FinknerV have dis-
cussed the construction of an area sampling frame for sampling dwellings.

----- ------- --- ~---- -- -----7/ }-bnroe, John, and Fink-ner, A.L., "Handbook of Area Sampling," Chilton
CoiTIpany,1959.
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There are numerous ways of constructing an area frame depending on the
available resources and the purposes involved. Hence, only general principles
and some illustrations will be presented. Persons who are responsible for the
construction of a sampling frame ought to try to make the best joint use of
expertise on sample design and knowledge of the local conditions involved in
application. Small-scale tests of alternatives should be made before determining
the final specifications for a major investment.
7.2 Frame-Unit Specifications

For economy in the design and selection of area samples, a "frame unit"Y
is an integral part of an area sampling frame. A frame unit is an area of land
that is larger than a segment but usually smaller than the smallest political
subdivision.

The essence of an area sampling frame is (1) a set of maps on which the
frame units are defined, (2) a list of the frame units, and (3) information
about the frame units, such as land area or number of households, which is used
for purposes of sample design and assigning numbers of segments to frame units.
A number of segments (sampling units) must be assigned to each frame unit. The
number assigned could vary with the purpose of the survey, whether the closed,
open, or weighted segment is to be used, the topographic detail shown on maps,
and information available about the land use or agriculture within the frame
unit. After munbers of segments have been assigned to the frame lmi ts and
specifications of the sample design have been formulated, a sample of frame
units is selected with probabilities proportional to the assigned numbers of
segments. Each selected frame unit is then divided into as many segments as it
was assigned and one segment in the frame unit is selected at random.

There are two major questions to be considered in the development of speci-
fications for a frame: (1) How should frame units be defined? (2) What
information should be compiled about each frame unit? The two questions are
not independent but will be discussed separately.

Factors having a bearing on the specifications for frame units include:
(1) The boundaries of frame units ,should be permanent, positively recog-

nizable landmarks. Boundaries of minor political subdivisions (especially if
they change frequently or do not follow visible landmarks) often do not make
good boundaries. Frame units are the most permanent part of an area frame and
should be defined by boundaries that are relatively permanent. Data pertaining
to frame units, such as number of dwellings or land use, can be easily updated
or revised as new information becomes available. If there are areas undergoing
rapid change in land use, updating of information about frame units in such
areas might be sufficient.

-WIn the-nrst area frames that were developed in the United States, "count
unIt" was used. A count unit was larger than a sampling unit and it was called
a count unit because fa~s indicated on highway maps were counted for each
"count unit." Although the term "count unit" has become widely used, the writer
beli~ves it should be discarded in favor of a more general term, such as "frame
unit."
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(2) Frame llili ts ShOlll,; he large enough to :IC'OIlJ' ",.Lt t l' ~I1tem:lt ivc spec i fi ~
cations of segments that :In' appropriate for vanous ·lll'\'('\,S.

(3) Frame llilits should provide economy in the ..;(I"ction of area samples.
A frame llilit need not be di\iJed into segments tmles'~ :1 ~~amplesegment is to he
selected from it for a pilrticular sample. In general, the amount of work re-
qui red to select a samplc i~' least when the mrrnhcr or r r';U,leunits is much larger
than the number of segments needed for a sample. nw t.\LIl munher of frame
llilits is inversely relatc,1 to the average si:::e of fr:mc units. There is a
trade -0 f f between the cost c'i defining a Luge t1lUllhc) ,),' ~;m;ll] frame Wlits
(rather than a smaller mmlhc! of larger frame lmitc.;) :iII'! the costs of selecting
samples after a frame has j,ccn const ructeu.

The use of frame llili t s a I so provides in some Gl";VS, a pass ihi] j ty of a
saving in the cost of mar\~ (II photographs. Suppose t'I.I.,t ively inexpensive maps
are availahle and adequa.t e for delineating frame un j t ~, as \\'ell as providing em
office record of the hound:ll ies of frame tmits. Sll('h ,lj:jjlSmight not provide
sufficient detail for doing :1 satisfactory joh of di',i,!ing a frame tmitinto
segments. More detailed mars or photographs for di\'I,li]ll: frame units into seg-
ments might be available hut costly. It might he sui"ti,ient to limit the pur-
chase of the more costly F'ilJiSor photogr:1phs to ,'0\'(' I':'", ()f the fnune uni ts in
which a segment is to be selected.

(4) Consideration sr';ould he given to vanous "kind:.;of information that
might be available and as::el1:blcd by frame tmi ts for 11'('1 n the design of samples:
This could have a bearing on the fnune-tmi t speci fic;]t i (\1lS. For example, to use
data from a census of agriculture, one might want the rl':l;')e units to coincide
with the emuneration di st I'id s for the census.

(5) Populations and suhpopulations to he survC'\T,j ,'lre usually defined in
terms of geographic cover;lge as well as reporting unit..;, There might he some
advantages to having framc \In its defined with reg:ll',j tn geographic houndar i es
that might be used in the sIiecifications of SUlV'(,\' IH)] 111:ltions.

(6) There are two gCTlera] approaches (and cOl1lhin:l'~[ons thereof) to setting
specifications for frame units: (a) One is to set tl'I:' ';j1l'cifications primarily
with reference to size (land area) and topographic LIPdilnrks thClt arc suitable
for bOllildaries. In this ca:-.;e the work of defining fnl']" lUlits is minima].
After the frame llilits arc defined, appropriate infonn:Jtir)f1 ,\ould he compiled
for the frame llilits with n'i:~ard to the kind of p0f'u1:lt inns to he sampled and
how segments are to be defined. (b) Tn the secOlh! :l]'!llWlcfl, the specifica-
tions for the frame llili ts h'ou1d include factors sudl :j"; 1~md use to ach i eve
greater homogeneity within the frame units. If the \:Iri:lt ion \\'ithin fr3!ne tmits
is small, stratification c,f frame llilits for samp1ing I'll '[loses should he effec-
tive. Also, different pnxeJures might he applied t"j i fferent.. classes of frame
llilits which could have a l'caring on hm,' fr:1Ine units :11'. defined. lor example,
frame llilits covering residcnti~ll areas might he tre:ltltl quite differently from
frame llilits that include en1\' open cOlmtr)'. In am' (\'I't, regardless of \\hat
the frame llilit specifications are, the end resu1t ic.; ;lk'fined set of frame
llili ts and some infonnation :lhout each [r:1.mewlit th:lt I· llseful and availahle
for sampl ing purposes. The' th'O appro;lches involve d if :',"rcnces in the phys iea1
boundaries of the frame ~nit< and differences in tl[(' \\1' :I\lxil iary information
is used. However, the oh,ielt Lves arc clear. We \\'Il";']n:mcnt, vi:-.;ihle
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landrrklrksfor boundaries of frame units and economical, effective use of auxi1-
iar~, infonnation to reduce sampling variance. The compromises involved will be
clarified to some extent in the sections that follow.

7.3 j\lL'(}liary_I!lfomati~n an~ Its_~s_e
Infomation or data that are available for use in the design of samples

will he referred to as "auxiliary information" or "auxiliary data". There is a
wide variety of auxiliary infomation and there are many ways of using such
infol~atjon in the design of samples, the general objective being to achieve
maxim1lffiaccurac~ assuming a fixed cost of the survey. At this point, perhaps
a brief review of the key principles involved in the application of single-stage
stratified random sampling, as they relate to area sampling, will be useful.

To minimize sampling varianc~ the sample designer wants to define strata
and area sampling 1mits (segments) so that variation among sampling units within
strata is as small as practical. That is, a sample desigrler is concerned with
(1) the choice of criteria for stratification and the allocation of the s~le
among strata, and (2) the definition of sampling units, including the control
of variation in size of the sampling units. Within strata, variation among
sampling units will be relatively small when the sampling units are nearly equal
in "size" and have similar characteristics. The designer also seeks an average
size of sampling unit that is efficient with regard to mean square error for a
given cost. These matters of sample design are related to the purpose of the
survey.

As just indicated, there are typically two ways of using auxiliary data in
the design of an area sample: One is for stratification, the objective being
to achieve homogeneity within strata; and the second is the use of an auxiliary
variable as a "measure of size", the purpose being to achieve segments of equal
"size" where the measure of size is a variable that is correlated with the
variables to be included in the survey. Some kinds of infonnation are useful
for purposes of stratification hut are not useful as measures of size for con-
trolling the size of segments. (Examples arc geographic location, soil types,
or maps, showing broadt;'lles of f:lnning areas.) There arc charadcristics (e.g.,
acres of cropland) that can be used either as a measure of size or as a basis
for stratification. Generally, the same auxiliary variable would not be used
as hoth a measure of size and a criterion for stratification.

Theoretically, the choice of criteria for stratification of frame units
and the choice of a measure of size, which is used for assigning numbers of
segments to frame units and controlling variation in size of segment, are not
independent choices. When the options permit, the author generally prefers to
give first IJriority to the choice of a measure of size to control segment size
and second priority to the criteria for stratification with due regard to the
measure of size, the estimator, and the survey objectives. However, opportunity
to consider design alternatives is linlited by the degree to which the area
sampling frame is developed (including auxiliary data by frame units) to accom-
modate various survey objectives.

7.3.1 Control of Sei:,'111entsize. In theory, ways of controlling (redlJCing)
sampling variance assad-ated with variation in the size of sampling units in-
clude stratification of the sampling units hy size, selecting sampling units
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\.;ith PP5 (probability pro]1urtional to si:.:('), ratio or t(';tl'sSlon estimators, and
equali:ing the si:.:(' of thl'~,il:pl ing lmits. In the ,li<,lhsion and illustrations
that folloh', attention hi] !, on equali:ing segment ',J:::". Ilowever, mapping
detail and topographil- l:lJ!i!:I.!ds, as \;,e11 as the kind (d' :l1Lxil1ary information
t11at might he availahle, (11 t, r ~;everely limit the Jq:nc to which equalization
of segment si:e can he :lL'h '~"lli. If relevant inforIn:lt In, ,'xists for controlling
variation among segments, 1':11 topography severely] imlts l'qualization of sebJTTlent
si:c, the other methods 11'l"c could he considered. Witl regard to ratio esti-
m:ltion, remember the pn'I-':i:it '11 stated in scctionl.·~.~,.

The selection of ind \ j,'L:d seg1nents \\'ith ]1P:' h:l- ,:,'nera11y not been used,
and i t involves techn ical c \1" j derat ions beyond the SI:()]1" 0 r this publication.
Incidentally, selecting Sl";!'\ r ts with ,pps is not t)ll' :->:,1,1/,' as selecting frame
wlits \~'ith prohahil it)' prel!'(): t ilmal to assigned nllm)JC! 1)[ segments and then
dividing each selected f1':II!I.' unit into its assigned murhcr of segments, etc.
The latter is ,3 method that.:ivcs each segment an equll1rohability of being in
the s;:unple. StratificatiuTl :'1 [11ies to fnme unit:-:., rath',T than individual seg-
ments. Under some cirClffil',!;lllu's stratification can hC'l ll:-:.eful aid in control-
ling segment size. This +Uit ion will he illustrate,] Liter.

The choice o[ ;J mC;JSlll,' 1 f size of se1,'111ents d('p('nd~~ on the purpose of the
SU1Te~' and \.;hether the Op!.'ll ,', loseJ-, or wcighted-segml'nt method is to be used.
Controlling the si=e of Sl',':1'1l'lt involves the assignment nr a suitable number of
segments to each frame unit ,I d the appropriate divi';llII of frame units into
segml'nts. For example, l'(1f1 ",,'r a survey of fruit ,'n,!,-" Suppose the closed-
segment method is to he ll'l ,; ,nd that an :l!)prox imatc I']c<l';llre of the amOlmt of
land used for frui t crops i c, :Iva i lable by frame units. In this case, the mnnber
of segments assigned to Cr:]!]i' lmits would he proportional to the approximate
:uno\lnt of land used for frill: lTOpS. The goal \,,;ollld ill. to divide a frame unit
into the assigned number cd 19ments so each segment h:IS :lpproximately the same
:unollnt of land lmder fruit \')I]'S. This principle i~~I.l c',! in the illustrations
presented later.

7.3.2 Stratification :LJIl the definition of frame' units. As stated in
pa ragraph ((ilOT-~2,-;:1u:.'( i ! i:1 I >:irlt6rilBtTon- rni'ghi- bC--ll'e~rTn ways that have a
hearing on 11OW fr:une unite, :11l lleflneJ. j\ leading exanrpie of this is classifi-
C:ltion of all land area :1l'lC1T'l!ing to land use and then Jl,'lineating frame units
\\'ithin each of the land \1::(' c Llsses. An alternative i' to delineate frame units
with very little, if any, l'l'\..,dnl for land use and then stratify the frame units
tw land use [or sampling IlllI'!'Cses. The question of\~'hlt:ler to take land use
infonnation into accowlt hd'\lll' or after the frame unit:.; have been delineated
js I.)Jle of the first qllesti,ln to he ans\-,'cred. \\~len ((l)!t)l;lring the alternatives
and making a choice, it i', il110rtant to distinguish hethl'cn procedural advantages
and other matters such as ':11:11ling efficiency or potent i;l1 for bias. Situations
em be described hhcrc, !'\,) I'! Cll't ica 1 purposes, the dl(' i,l: would be a matter of
procedure rather than Sam]l! ill, efficiency.

Lmd use classes migllt J'l delineated, prior to th ,lclineation of frame
lmits, \.;ith such purposes iT') ind as (1) stratificatic'T' to achieve homogeneity
within strata, (2) having ,'LtJ'l' lmit boundaries coincic:" hith areas that might
be used as domains of stlKk, c r (3) fonning classes of frame units so the frame
lUlltS h'ithin a class would h treated alike but OHV ,'I:l~ might he treated dif-
fCl'l'I1t 1\ i'ruill :lllothl'J'. ! 'it I'll; llS!.' I':1ttcnl, tOPCHJ:l]':', :md the anticinated
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purposes of the sampling frame have an important bearing on the choice of speci-
fications for frame units. Perhaps a brief discus'sion of two hypothetical cases
involving very different land use and topographic patterns will be helpful.

Case 1. Suppose the total land area for which an'area fr3Jne is to be
developed, can be readily divided into four land use areas (classes): Tree
crops, cultivated crops, grazing land, and nonagricultural land. Assume the
land use patterns and topography are such that (1) the land classes can be de-
lineated so the boundaries of the classes are suitable as frame-unit boundaries,
and (2) the land use within a class conforms to the class except for rather
small \'1idelyscattered parcels of land which do not account for more than 10 or
15 percent of the total land area of the class.'

In t(1iscase, delineating land use classes and frame units within the land
use classes is probably advantageous. The frame units within a class would be "
relatively alike and the land area of the frame units could serve as a useful
measure of size for a number of sampling purposes. That is, a list of frame
units by land use class and the land area of each frame unit provides a basis
that is reasonably satisfactory for general purpose sampling; and, it gives a
basis that can he refined or further develop~d as needed.

As an illustration, suppose a sample for a survey of cultivated crops is to
he designed and selected. One of the first decisions to be made is the geograph-
ical extent of the'population to be sampled. Let us assume that the two land
use classes, nonagricultural and grazing, may be omitted, hut the tree-crop land
use class has too TImch land in cultivated crops to be ignored. The two land use
classes, cultivated and tree crops, would be sampled differently as follo\'1s.

Assuming that either the closed segment or the weighted-segment method is
to he used, an appropriate measure of the size of a segment is the amount of
cultivated land. That is, the goal is to define segments so they all have
approximately equal amounts of cultivated land. In the cultivated land use
class, a very high proportion of the land is cultivated. Therefore the total land
area of the frame units is a suitable measure of size in lieu of estimates of
the amount of cultivated land by frame units. Thus, under the circumstances,
making the nurrlbersof segments assigned to the frame units proportional to total
land area of the frame units will probably lead to segment$ that are about as
equal in size as would be the case if the assigned numbers were proportional to
the amount of cultivated land in the frame units. Converting the land areas of
frame units to numbers of segments is a simple matter after a decision on the
average size of segment is made. For example, suppose the average size of segment
is set at 300 acres. A frame unit \'1ithan estimated 1,400 acres would be
assigned five segments. For sampling purposes, the frame units in the cultivated
land class could be stratified geographically, or according to any other appro-
priate criteria that might be available. The selection of frame units and the
division of the selected frame units into segments would be in accord with
principles that have already been discussed.

In the tree-crop land use class, consideration should be given to how the
Cll1tivatecl land is geograI)hically distributed. If the cultivated land is lllli-

formly distributed 3Jl1ongthe frame units, the assignment of numbers of segments
to frame units could proceed in the same way except that the average size (land
area) of segment would be larger. For example, if about 10 percent of the land

47



is cultivated and a decision has been made to have the ;J\-crage segment ,contain
100 acres of cultivated land, the total land area of the average segment would
be I, 000 acres. Hence, a fcme unit with a total ]and a rea of 5, 000 acres would
he assigned five segments. If the proportion of cultivated land varies widely
among frame units, the method just descrihed could be 1Ised, hut consideration
should be given to an altcrnali ve that would have ]Ohcr '~ampling variance. For
example, it might be feas ihh· to examine photographs and ass ign segments to
frame units approximately in proportion to the :lpp:1rCnlFnount of cultivated
land in each ..

If the open-segment method had been chosen for thi'~ survey, attention to
the density of farm headquartcTs would be needed, inste;ld of the amolmt of cuI ~
tivated land, when assignin~' rnunbers of segments to fr:lJTK'lmits.

Case 2. In contrast to Case 1, suppose that the :1I ('3 for which a frame is
to he constructed has a pa ttcrn of land use and topog rar11Ysuch that it is not
possibl!", to delineate lanc111S(' classes, within whieh fl';lITleunits would he alike,
unless frame unit bOlmdarics arc allowed to be tenuous .. \'1 example is an area
where most of the land is not cultivated because of soil or topographic condi-
tions, and the land that i-; ,:llltivated is mostly sma]1, '.\'idc1y scattered,
irregularly shaped parcel:, of land. If one is to del i;1l.tte broad land use
classes, within which fram<...'Illlits would be delineated, :1 major compromise must
be made. Either homogeneit\, uf Lmd use within a c1:1:, ,Jr the quality of frame
unit bOlmdaries must be s:I.:ri!-iced. ~Ioreover the t:l:'~ If delineating land use
classes prior to delineatin,\:', Frame lmits could be t illlc \.onsuming and difficult
lmder some circumstances.

At relatively low co~~"!:,frame lillits could be del illcatecJ with very little,
if any, regard to land use. :\pproximations of the 31001 illt of land under various
uses could be compiled for each frame unit and used C' ithor as (1) measures of
size for the assignment of 11l1l'1bersof segments to fram(' !Ini ts or (2) criteria
for stratifying frame unit.; For sampling purposes. Thllc..; it is possible to make
effective use of land use infonnation without using it in the delineation of
frmne units and without int roducing tenuous frame Lillit 110lmc1aries. Section 9
presents an illustration 01' this kind of situation.

The writer regards tIlt' l'hoice of frame-unit hOLmc.l;lriesas critical. A part
of the boundary of many segments will he a frame-unit houndary. Experience has
shO\m that tenuous frame-unit boundaries are very 1nmhlcsorne in the application
of area sampling, especial Ly after a few years havE' IW-;c..;I·dsince the frame was
constructed. As stated earl ier, the frame units should he regarded as the most
permanent aspect of an area sampling frame. Flexibilitv to serve various kinds
of surveys is not necessar i Iv restricted by how the feme lilli ts arc defined.
Regardless of definition, frane lillits may be stratified in various ways and they
may be divided into segments in various ways for variollc..; purposes. Also, ;uL\:il-
iar:: infonnation about fL111C' units may be updated or slljlplementecl at any time.
Achievement of efficiency 1'1 the design of a sample ,kponds on the relevance
and accuracy of information pertaining to individual fr:lJnc units. That is, it
is the range of relevant infonnation about indiviuual fr;1me units that provides
adaptability of the frame for various survey purposes.

The delineation of Lmd llse or other classifieat iurb prior to delineating
frame units is, in effect, one way of compiling information about frame lmits.
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Compared with the simple approach of delineating frame units with minimum regard
to land use, it should be justifiable on the basis of (1) more effective use of
the auxiliary' information "involved (which, in general, ".seemsdoubtful to the
"~iter), or (2) economy in the operations of constructing a frame and selecting
samples. In any case, land use probably should not be ignored completely when
delineating frame units. For example, urban and other nonagricultural areas
might require special consideration. But consider the alternatives carefully
before making a large investment in the delineation of land use classes prior to
defining frame units, especially if the quality of the boundaries of frame units
is sacrificed.

7.3.3 Selection of auxiliary data about frame units. The availability of
a~xiliary data varies among countries and applications-tTom almost none to infor~
mation that is highly relevant and effective in the design of samples to minimize
sampling variance. The sample designer is constantly confronted with making
choices among alternatives that have a bearing on sampling efficiency and bia~.
Also, it is often his responsibility to make recommendations or decisions about
auxiliary data that seem to be worth acquiring for future use in sample designs.
For continued improvement of sampling plans and operations, there should be a
continuing program of investigation and analysis of various components of error
and components of cost in surveys that are conducted.

Total land area is likely to be near the top of any list of auxiliary in-
formation that is to be compiled for frame units. It can be approximated quite
easily from scaled maps and will probably be used in many sampling plans. Esti~
mates of the amount of land in each frame unit by land use classes might be
important, depending on the kind of surveys that are expected and the circum-
stances as discussed in 7.3.2. The amount of land in each frame unit by land
use classes is generally more useful (effective in reducing sampling variance)
for the closed- and weighted-segment methods than for the open segment.

Possible sources of information about frame units include: (1) Census data
if frame units correspond to enumeration districts, (2) land use maps if suffi~
ciently detailed, (3) aerial photographs, and (4) visual estimates from field
observations of the frame units. Visual estimates of the proportions of land
in the various uses for each frame unit could be multiplied by the estimated
land area of the frame unit to obtain measures of the amounts of land under
various uses, which might be useful for sampling purposes. The land area of a
frame unit can be estimated by using a planimeter or a grid overlay, if scaled
photographs or maps are available.

If the open-segment method is to be used for surveys of all farms, an indi-
cation of the number of fams "in" each frame unit would be useful, assuming it
contributes to the objective of equalizing the number of fanns "in" segments.
For surveys of households, information on the number of households by frame
units would be important.

Information about frame units should not be obtained, especially if much
cost is involved, unless there are good prospects that it will be used in an "
effective manner to reduce sampling variance. The cost of obtaining auxiliary
data needs to be considered with regard to the reduction in sampling variances
that might be achieved through improved sample design. How does the cost com-
pare with the cost of achieving comparable reductions in sampling variance by
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increasing sample size? I\n investment in auxil iar:' l:~1ta to improve the s~lJnple
for one survey might not hc advisable. But if SlIn'e\"C, involving the sanK' com-
modities (or suhjects) an' l.'onducted periodicall\',1 -';lll1stantial investment in
CllLxiliary data might be tlllly justi fied.

Special important needs should be consiclered \'cry l:arefully. For example,
suppose a particular tree (lr vine crop is commercial I:' very important to the
economy of a country. Inf(1rmation about the exact location of the crop, or
approximations of the amollnt of the crop in each fraJl'l' \IIIit, might he critical
to obtaining a satisfactc'ry degree of sampling efficie:lCY. Field work to acquire
auxiliary infonnation all(\\lt franle units might seem too <::>'l)ensive, but the cost
of low sampling efhcien,,:' might be greater. It is of interest to note that
census counts of fruit trecs have sometimes been justified mostly on the need
for a good hasis for Sam!l]ing for current forecasts or estimates of production.
Infonnation about frame lU1its that is very effective il desii"l11ing samples for
current, special-purpose :~llIYC}'Scan sometimes he oht:1 i ncd at a much lower cost
than a census.

The capability fOT dcsif..'11ing efficient area samp!~':~in agriculture (espe-
cially special-purpose s<unpling) is heavily dependent ,In information about where
various crops or commodit ic::' are produced. If no :lU~iJ iary information is avail-
able for designing efficient samples and if such infon1at ion is too expensive to
ohtain, consider the possihility of a double sampling plan. That is, select a
large sample and collect Jata on the characterist ics of farms in the sample. Thi 5,
\\'ould provide a basis for selecting subsanlples that :IL' efficient for various
specific needs. Also, du [lC-toverlook any possibilLti>':~ for linking data from
censuses with an area frame. A census utilizing a sl:ort quest ionnaire might be
planned for two purposes: (1) Provide statist ics ahe'llt key items for pub1icat ion,
and (2) supply aLLxiliar:' data to be associated with ;Jf] :lfea sampl ing frame that
I\'ould enable more efficient sampling and estimation 'l:llJ1 current surveys.

7.4 ~s for Franle COnS11~\lC~}on

It might be helpful tll recognize two broad c.ltegori es of maps: (1) Maps
that provide useful topographic detail for delineating frame units and segments;
and (2) maps that provid!' \lseful auxiliary information for the design of sanlples.
Some exanrples are maps th:lt show land use, irrigate,] areas, soil types, or other
information that might lw u~;ed for stratification or rnr assigning numhers of
segments to frame lmi ts.

In the first category, the maps most conffilonJ;:used are road maps, aerial
photographs, and topograph il' maps. The map requi rell1l'nts with regard to scale
and detail differ considl'rahly for (1) purposes of dl'! ineating frame unit:~ and
of providing an office record of the bOlmdaries of frame units, and fOT (2) pur-
poses of dividing frame Imits into segments and 5hol\l[1:":' the boundaries of sa.mI)le
segments for use in the held. For the first purpose, road maps (or topographic
maps which show roads) arc generally used. File c;pal'(' and cost consider:n ions
might dictate that the fr:unc units be defined or recorded on relat i vel)' inex-
pensive maps (and perhap-; transferred to microfj 11111. 1'01' the second purpose,
the frame maps (maps on \\'hich the frame units are dcfi:led) arc not always ade-
quate. Photographs or more detailed maps might be used or it might he necessary
to adopt techniques like those described in the next c;cction. Incidentally,
when segments are deline,lted on aerial photographs r'l] use in the field hy
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interviewers, the photographs are a valuable aid to achieving complete and
accurate coverage of the sample segments, as well as providing positive identi-
fication of segment boundaries.
7.5 Division of Frame Units into ?~Ets

The division of frame units into segments often presents a wide range of
problems. It might be feasible to divide some frame units using the frame maps,
but aerial photographs or more detailed maps are generally very useful and often
necessary. \~en available mapping detail does not enable satisfactory division
of a frame unit into its assigned number of segments, there are a number of
techniques that might be helpful. Some alternative techniques are:

(1) Have the interviewer enumerate the frame unit completely. That is,
treat the frame unit as a sample segment and fill out a questionnaire for all
reporting units in the frame unit. Suppose k is the number of segments assigned
to the frame unit. For purposes of tabulation, a subsample (using ~ as the sub-
sampling fraction) of the reporting units enumerated might be used. If all
reporting units are included ,in tabulation, remember to use the probability p
as a basis for weighting, where p is the probability which the frame unit had
of being in the sample.

(2) Before the survey begins, have a list of reporting units in the frame
units prepared and select a subsample of reporting units, using a sampling frac-
tion of~. In this case an interviewer would be given a sample of reporting
units rather than a segment.

(3) Travel to the frame and divide it into k segments on the basis of
observed landmarks. Make sure that sketches and notes provide adequate descrip-
tion of the segments. Select one segment at random in the office.

The first alternative is most practical when k is small, say 2 or 3.
Generally speaking, the third alternative appears preferable to the second,
when the closed or weighted segment is being applied or when the same sample
is to be used repeatedly.

It is often feasible, using the maps on hand, to partly divide (but not
completely divide) a frame unit. For example, assume a frame unit is to be
divided into five segments. It might be feasible to divide it into two parts
and to assign three segments to the first part and two segments to the second
part. One of the two parts would be selected at random giving the first part a
probability of 3/5 and the second part a probability of 2/5. The selected part
could then be handled in accordance with one of the above alternatives. The
value of k would be 3 or 2, depending upon which part was selected. This
technique of partly dividing a frame unit might reduce the number of maps or
photographs that are needed. For example, it might be feasible to partially
divide a frame unit using only a road map. Then, to complete the job of
dividing the frame unit into segments, photographs would be needed for only
part of the total frame unit.

51



Sometimes one finds tll;lt dividing a frame w1it irlt) the assigned ntnnher of
k segments is possible o!ll~' if W1desirable boundaries a r'e J-ccepted. HoweverI
the landmarks might be sllch that the frame W1it \oJill divide very satisfactorily
into k-l segments. This~; i1\.tation presents a choice f~'etween"forcing" a elivi sian
of the frame unit into k ~;c.\;1ll('ntsor dividing it into only k-l parts. I f the
division into k-l parts is ;ILccptcd, two alternoti\'es ;Ire open: (1) Treat the
k-l parts as segments, sC:('L'1 one at random, and for f'lll'poses of estimation,

chanee the probability of ~L'lection from pC~) to P(F\)' hTherep is the prob~
abil i ty which the frame lllli t had of being selected. I .:: I :--llUllberthe parts 1
thru k-l. Suppose part I is the largest. Assibl11it th~) sebTJTlentsand assign
one segment to the remainin,\~ k-2 parts: Then select (lTll'part with prohahility
proportional to its assigned nlUllberof segments. If UIlL'of the parts 2 thru k~l
is selected, use it as a se~~ment. It had a probabil ity of selection equal to

PCfJ. If the first part is ~;elected, one of the thn'l' techniques described at
the begiiming of this sect iI)ll could be applied to it. ~he value of k would be 2.

In the processes of delineating and selecting segments, always be on the
alert to specify procedural detail that eliminates the possibility of bias. For
example, it is very important that the process of llividing frame W1its into
set,'11lentsbe separated from (that is, be complete h independent of) the process
of making random selection::;, To illustrate how bi a::; c'an he introduced, suppose
the instruction to the clerical staff is to divide a fr;une unit into segments
and to select one at random hefore proceeding with the next frame unit. Whena
random munber is selected it might be possible, lmle::;~ ,.;pecial precautions are

'taken, to see the next randoJ:l nlUllberon the list. KnO\\ 1 edge of the next random
nwnber could seriously bia::; the work of delineating ~l!ld rnrrnbering segments in
the next frame lmi t .

Another illustration of potential bias is changing a segment boundary after
the segment has been selected. There might be a strong inclination to do this
when one finds that a better hOW1daryis needed for an interviewer to follow.
If changes are allowed, c~1an~',esshould be held to a minimlUllaJ1dstrict rules for
making 'any changes in bOlU1darics should be specificLl, \,hich are believed to be
1mbiased for practical PU!'l)(i>C::;. Such practices a1\-:a::::;introduce a potential
for bias and a degree of l11Kl~rtainty about the magnitude of any bias in the
results. On the other hand, some adjustments in boundaries might involve less
risk of bias than letting interviewers enlUllerate segments that have ambiguous
boundaries. The best policy is to avoid this situation to the fullest extent
feasible. Be as sure as possible that boundaries arc satisfactory before random
selections are made. This i;ives emphasis to the point made earlier, namely
that frame lU1it boundaries ::;hould coincide with penn..1nent, well-defined land-
marks.

Sometimes a difference in detail seems lU1important and a decision is made
on the basis of convenience. Do not take unnecessary risks with procedural
detail that could introduce hias.

Thoroughly test feasible alternatives before setting final specifications
for a sampling frame. Testing is needed to detenninc costs, to evaluate alter-
natives, and to debug procedures.
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8. Frame Construction--Illustration No.1
Two areas representing different topographic and land use situations were

selected for illustration of area sampling frames and,sample selection. The
first area for illustration is a part of Mills County, Iowa. Nearly 95 percent
of all land in Mills County is in ,farms. About 85 percent of the land in farms
is cropland, and the average size of a farm is more than 300 acres (or 121
hectares). Approximately 85 percent of the farm'operators live on their farms.
The density of farms is about two per square mile.

In a large part of the United States, including Mills County, the Public
Land Survey divided land into sections (square 'miles). The standard section has
640 acres of land (nearly 260 hectares). On the county road map (see figure 2a)
each section is shown as a square (1/2 x 1/2 inches) and identified by a number..
A landmark of some kind (a road, a fence, or the edge of a field) follows most
section lines; but, as farm practices have changed and fields and farms have
become larger, landmarks that follow section lines have disappeared to some
extent. In ~Iills County, sections can usually be id.entified from visual inspec-
tion of photographs, but section lines are not al\vays satisfactory as frame-unit
or segment boundaries.

The county road map, figure 2a, provides a satisfactory basis for defining
frame units. In fact, in this illustration the frame units were very easy to
delineate as shown, in figure 2b. County lines were regarded as acceptable frame
unit boundaries. Other than county lines, there was no need to consider any
landmarks other than permanent roads for frame-unit boundaries. Figure 3a shows
a photograph of frame unit 17. To avoid covering, any detail shown in the photo~
graphs, the boundary of frame unit 17 is shown in figure 3b which is the same
photograph with frame unit and segment boundaries added. Figure 3b will be
discussed later. Some readers may wish to match landmarks shown on the highway
map, figure 2a or 2b, with landmarks on the photograph, figure 3a.

In addition to specifications for frame unit boundaries, a specification
on the minimum size of frame unit is needed. In this illustration, 4 square
miles was set as the preferred minimum with 3 square miles being the absolute
minimum. The maximum size of frame unit is not critical. It was about 6 or 7
square miles. Variation in size of frame unit was dictated mostly by the pattern
of topographic features that were suitable for frame-unit boundaries.

The agriculture and land use pattern in ~1i1ls County is such that segments
larger than 3 or 4 square miles in size are not likely to be needed for a survey.
If the land was to be classified by land use and frame units defined within land
use classes, specifications would have been needed regarding: (1) The land use
classes, (2) the landmarks for boundaries of the classes, and (3) the minimum
size of a parcel of land for each class.

Time spent on delineation of frame units could be saved by making them
larger, but such savings did not appear to be important. In fact, less time is
required to select samples when the frame units are small. If necessary to
accommodate use of larger segments, frame units and related data can be combined
to form larger frame units. The amount of auxiliary data that might be needed
for frame units did not appear to be an important factor favoring larger (and
hence fewer) frame units in this illustration.
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The land areas of the flame lmtts could he C:;tillli+' 1,\' ]1l:l!limeterin~~ thc
frame map, figure 2b. !Iohc\'('r, hv looking at the fJ:u~llq' Olll' L':1Fljudgc the'
land areas with an error (if !lot more than ahout 1/.2 "'Il I ',' I!lile, h'hich is proh-
ably sufficiently accurate (,'1 sClmpling purposes. ~'r']\:!'!1 1.2) of t3hle (1 sho\\'s
the approximate l~nd 3re3 (,1' c~lCh frame unit as det"I1'!i" .. ,111\' visual interI'H'-
tation of the frame map. \e'l'ds for auxi 1iar)' infor;j;!11 .;, lotlwr than land :IIT:l1
about frame lmits will he L'onsidered asthcdiscussion l\lt[1 illues. Im'illcntallv,
every frame lmit should 31\\;I\S he assigned :H least [:W'('~',ment ;ll1d have a '
chance of selection unlcs~, therc is conclusive cvid('li' r :1:11 it cont:lins
nothing that contrihutes tl' tJ,c l'0puLltion tlCiT\l', .;; j.

To illustrate how the l'r:Jmc might he used to cle"i.c:n :lJ1d select samples.
three kinds of surveys wi 11 he l'onsidered: (1) 3 Sll1'\'('\ 1)[ crop acreages,
(2) a survey for economic ll;lt;l, and (3) a survey oj' hell ('att1e.

8.1 A Survey of Crop !~~C';lg('''

Suppose a sample survey is to he conducted, ;l1tl')' ,'-I]h have heen planted,
for the pUll)ose of estim3t in!: the acreage pLmted to ["I,ll l'rop. For this pur-
pose 'the closed-segment me1hell is superior to the "[ I,' i t:ld he'; l~lltcd C;l'L',l1icnt
methods, assuming that tral'b arc satisfactory as Il'llI)l111:..', units. Criteria
for stratification and sarlpl,' size arc among the irr':por1;ll1t aspect;:; of a s;lJ:lpl ing
plan, but attention will I'll' !clL'USeUprimarily on i11LJ:;11Iting the :->pecific1tion
and delineation of segment:;.\lso, the sampling ]11ul\:I! \,il1 be considered in
the context of a general-plll'jl(lSe sample of all crops r:ltlk'r th:m a sample de-
signed for one or two SIX"'; fil crops.

With reference to the plll'poses and condition-; tha: h,lve heen outlined, an
appropriate goal in uelineat ing the closed se~'1nent:= j..; '.'ilu~ll i:at ion of the
si:.:es of the segments \~'ith l'(T,anl to amolmt of crol'!;md. The first step is to
assign a numher of segment:; tel each fr~une lUlit. If' +lv':unents arc to contain
equal amounts of cropland, the' assigned 1H1Ilihers of ';\'[\ '11; should he ill ],rl)]H)r-
tion to the amounts of cropland in the frame units. 111"1ills Count)', a very
high proportion of all land i:; cropland. Thus the 1.1][,] :Irea of the fr3JJe 1mits,
after making any feasibl c t!(,t!uctions for nonfannland, I' :1 vcr\' good measure of
SIZe.

Since photographs an' 11\;lilable for dividing t1J'.'J:l"lL' units, it IS fe:lsihlc
to set the average size of segment at one-half of 'In(;I.,·tion. A sm311e1' average
size that might be considered is a quarter section, \'Ilt that docs not appear to
be practical, and coverage error tends to increase as ~:h(' c;egments hccome
smaller. The fourth colLunn of table 6 shows the munhcr I)f closed seglllents
assigned to each frame unit. The numbers assigned ;ll'C ho times the estinuted
mnnbers of square miles (l.~l)ltDnn (2), table 6) with thc '\i,'eption of frame unit
24. The frame units were t'cviewed quickly to iuent i C, ,1[)pa1'ent 3reas of non-
fannland that were larger than about 1/2 of one sqml', Iii Ie. The only sllch area
was a town that was partl~' in frame lmit 2~. There \'o'(~'1 three square miles in
frame unit 24, but it wasl:-;:::.igned five segments rathc)' 1han six because it had
at least 1/2 of one square mi Ie of area that was resiJr'lit ial. Thus, the idea
was to have the assigned mnnbers of segments proport ion,c 1 to the land areas of
frame units after deduction ,)f any nonfann areas l;lrgC't' than 1/2 of one squ:ue
mile. If frame unit 24ic; selecteu for division illtu;I'>;JT1cnts, its entire land
area would be included in the five segments, even thOll!~11the residential part of
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Table 6.--Frame units and numbers of segments for illustration # 1
~~-~~~-~-

.. Closed or Open segmentsFrame :Approximate size: Indicated: weighted segments
unit :0£ frame units in:number of: ~--~. ---~-: ~----.- -- -----

number: square miles fams :Assigned:Accumulated:Assignecl:Accumulated
number number number number

(1) - (2) -(!) (4) (5) (6) -(7)

1 7 25 14 14 16 16
2 4 15 8 22 10 26
3 4 10 8 30 6 32
4 5 11 10 40 7 39
5 5 17 10 50 11 50

6 3 8 6 56 5 55
7 8 14 16 72 9 64
8 6.5 20 13 85 13 77
9 6 17 12 97 11 88

10 4 14 8 105 9 97

11 5 11 10 115 7 104
12 4 12 8 123 8 112
13 4 11 8 131 7 119
14 3 17 6 137 11 130
15 5.5 19 11 148 12 142

16 4 13 8 156 8 150
17 4 6 8 164 4 154
18 4 12 8 172 8 162
19 6 14 12 184 9 171
20 6 18 12 196 12 183

21 6 25 12 208 16 199
22 6 24 12 220 16 215
23 7 15 14 234 10 225
24 3 8 5 239 5 230
25 4.5 17 9 248 11 241

Total 373 248 248 241 241
------ ------- •..--- - •.. ~~.-~-~- -
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the fLU')l' unit \\~I:; nut L'()'li,t,
I:;, the re:;idential Iurt '
the fin' se~l!1ent;:;. \l";ll,
cont~linl'd eqll;ll ;U'lount:; III

: '"lk'll t 11(' IlLJ1!il'l'r ,)(
i'r:lrle unit \\l,ul,l I"

,\llllld :lttl'I::pt to ,\e!'!
,1:md ,

\,:1:-' :l:..;si\'ncd. 'lll:lt,~
','t! in (lnc' or more (If
! I \"Co :..; CL~l'leTl t..; c;(l t hC'\"

The fifth column or t I,', (, shows the :l'.'UlIll111:11,' '!'Iher of segments for
the clnsed- ur wcighted-:;c),: 'I t I'!l'thods. (:tuBuLlt i,rl,' t '[ ,I :lTC often generated
as a convenient hay of :";1,,1,II ii',' Ir:ll1le unite..; \\:it1: !1!III,lie'; proportional to
the assigned munher of s",.,' I ~ \ 1,1iscll..;sion 01"1: t 'i 'I ,t 1\'(' methOlb of sclect-
ing 3 s;ulll'le of sepnents :,' 1he 2,t8 ~lssigncd il] I ,]11\ of tahle (1 iJ1\'C11vC's
teclmictl considcratioJ: h" the scope or this pII!'! .' [i!!1. flO\\el/('r, supposC'
one segment is to he selcl_ "',It random. \ randol;1 n:lI::'I,'1 IS s(,lccted frol1l 1
thr\l ~l~. ,\ssumc the rand( i ;,,-]I]her is lS~. \.;h1ch hit!: I' :','rence to the acumlU-
btcd total is more th~1I1 : i [hl less th:lIl I(,S. ':}Il'" ! Iii" lmit mUBher 1';" is

selected. It had :1 l,roh:ll,

The ne\.t step ic; to", (' CLunC' unit lllullher 1- 'he assigned munhcr
of segmentc;,which is S.' framc unit di\'ides VLl", III i~Ltl'torily under the
criteria of good houl1lbril,' 'ilid uniConlit\, in si:::c ".. itl',~:lrcl to amount or
cropland (sC'c figure :;hl, 1",,)' l1llmherin,l', the S c;c~;nC:l' I through 8, one 01- the
S is selected at ranLlom. ';~I;'I'lhC' scgmcnt munher ~'j i"",~ted. It has :In ()Vcr-

S 1
Gl1 chance equal to (~-4~')I" ~-Lr;-S of heing c;elelt( I,

:\lklitional segments I ilill,1 he selected in the"il' ilmer. 1100~ever, s\':~tem-
atic sclection as follo\\, ,Ii'ten u>..;ed. Suppoc;c t', :lliJll' fraction is,~
perccnt or lout or :;(1. 11]1\01'1number 1'J'lllll 11:1' i "IIc! h' .',,-'Icl,tcd.
This dcsi~natcs the fi j'..;,1 Ii 1)('(' in :1 seliC;'; uC nIJJ'iI,:I\'ini~ an interval IIC

SO. Suppose the random 1!1;Jli:' i:; 12. TI,e Sl'rJC:~ I).~, 112, lll2, and 212,
\\'I1ich \\ith referencl' to tl,1 11 design:ltc'" fLune llIll1- ., -,11,17

, and 22,
\\ithin \\'hich segments :ll'l' ° ( "I.' del ineated :lfld onL' ii' II~ i:-; to he selected
at r:lJ1dom. Sincc therc :(1 ",I) c;tepc;, selecting f":,'I. I,its and then selecting
a sL'gJ11ent in L'ach, this ,~ i:' . j')11 1'1'0<..'('\.11.1"('i..; S(\1:I('t i' ,"'nfused h'ith two-stage
sampling. In the C:1<..;C jli' '~\.-I'ihed, the t\~() c;tl'j" :'o,()~elcctiCln steps in
:1 single-:-;tage sam!,1 ing 11 I"

Figure :lL' is :l photu," I' 1 ur segment nurnhcr -, 'Ill 1:, 1T11:1r~~cd sCllc. It is
~n cxanq)lc or a photo!~r;q~~ f 'I it :111 intcr\'ie\\'cr Tlli 'Lt t l)!, to the ~cgIllQnt, t':\L"l'pt
t11at the tr:lCt and t'ield 1 i"', \\ithin the "egmcnt \,,)11: :'I't he shown. ,\ft<.:r
traveling to a sei-,'lllent :11\;,: "tting oriented (th:Jt"llt,.'l1in\2 the houndaries as
ShO\vl1 on the photograph h'itl' (hI,' al~tual tIJpogr:l[l!I\ :1, i:1tervic\~'er divides the
segmcnt into tracts. TncL'I:t 7 there ,lIT onl\' ';1:','" '1:1cte..;: \. !-'" :m\.1 ('.
:.lext, in:m interviL'h \\iti t;' opcr;ltor Of:1 tr:1\,l 1:, ':t('rvich'er divide" the
tract into fields and ohLlir, thl' desired informatli)! l IIllt the crops. :.lot ice
that a ]lhoto~~raph ot' ,1 ;C,lt j..; an im]lort:mt :Ji,! ~ 'ii1ll:-:ing ".'(l\'CLlgC :md
me:lSlln'ment error.

If the photogr:lphs :11 'c'<:llcd, the ['iclds cuuld !' :llll1imetered and the
re>..;ults used as a chc('l; \:1 ,I, reages rcpoI'ted h\' JIll' IiI ':ltors. lven hhen ~lJ1
operator is not ;l\'ai1:1hll !i'! intcn/ie\~, an inten'i,'\,( 1 ,':Ill proh:lbly obtain
most of the dl'c;ire',~ infll1' ::[1111 ahout (rup :lc'rC:li;1' ,::Ii:..:ht t;l1k hit11 c;uit-
able infollnants, or )n' \i:;u:lI ohservation he IlIi\~)ltill':ltl; field~ and record,
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to the extent possible, the crop that has been planted in each field. The field
acreages can be estimated, Thus, the closed segment provides a means for getting
data that are accurate and very nearly complete, compared with what is possible
or feasible when some other survey methods are used.

It was stated above that, in this example, the land area of a frame unit,
less nonfarmland, was a good measure of size. That is true primarily for crops
that are generally grown. For minor crops (crops with relatively small acreages)
an auxiliary variable such as acres of cropland or farmland is generally of less
value in reducing sampling variance.

Special 'attention must be given to any important "minor" crops ,with require~
ments that their sampling variances be low. One approach is to select a "general"
sample that is designed to be adequate only for major crops, but informati~n about
all crops would be collected. In addition, one or more supplemental samples could
be designed specifically for the minor crops. Results from the general and sup-
plemental samples would be combined, using appropriate weights. A basis for de-
signing supplemental samples for particular minor crops is implied. Otherwise,
there is no alternative to making the "general" sample larger.

Auxiliary information by frame units giving some indication of the amount
(or proportion) of the land that is likely to be planted to each of the minor
crops can be very useful in sample design. Assuming it is possible, the measure
of size of frame units and of segments for a supplemental sample might be very
different from the measure of size used in the general sample. As stated before,
a major question is how much to invest in obtaining auxiliary information about
frame units. The analogous question with regard to list frames (lists of farm
operators for sampling purposes) is, What information should be developed and
maintained about individual farms on the list? Incidentally, the production of
some minor crops might shift from year to year among farms or locations so that
auxiliary data on where they \vere grown at some time in the past might be little
or no value.

Before proceeding to the next example, a comment about the value of photo-
graphs seems in order. In the absence of photographs, the requirement that bound-
aries of segments be identifiable from the county maps would have meant larger
segments and less success with equalization of the sizes of segments. In other
words, at least for the situation discussed above, some reduction in sampling
variance can be attributed to use of photographs. The photographs also help re-
duce coverage error. Initial reaction to the cost of photographs might be that
they are too e~)ensive. Before reaching such a conclusion, consider the cost of
not using photographs. That is, consider the cost of achieving an equivalent
reduction in sampling variance by increasing the size of the sample. Also, con-
sider the possibility of the same photographs being used for several surveys.
8.2 A Su.r::v_eyfor Economic Data

POl' a survey to collect data about economic characteristics of all farms,
it is possible to use either the open or weighted segment. Since the procedure
outlined above for closed segments is also appropriate for a survey of farms
using the weighted segment, the following discussion will pertain to the open-
segment method. Although a survey is regarded as general purpose, there might
be a need, because of analytical purposes for varying the sampling rates by,
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for example, si:e or t)11cJf CaTIn. This will be d lS,-ll«c-'d later. In the mean~
time, it is assumed that :111 fanns should have an equal ,_'hanceof being' in the
sample.

The density of faTI1L'iin \lills County is about two per square mile. Experi-
ence based on analyses of vaI'iance, costs, and covcrag'.' ('ITor suggests that the
hest average si:e of open 'ic)-',lIlentj s probably less th:m t\\'O fanns for the agri-
culture and topography in thi'~ illustration. An :lVerilge size of one fann per
segment is assumed, which ll1eansthat we want the mm1hc,' ;1f segments assigned to
a frame unit to be equal to the number of farms "in" the frame unit. There is
no practical way of accolllpl ishing this exactly.

The basis for assignment of segments should he dctcnnined with regard to how
farm headquarters is defined. If the operator1s residence is by definition the
fam headquarters, informat iDn on where operators 1i ve is useful. In this case,
the goal would be to assi gn ll.lTnbersof segments to frarnl' uni ts which are in pro-
portion to the numbers of operators living in the frame lmits. There might not
he a good basis for doing that. On the other hand, suppose a specified point
within the boundaries of each farm is the farm headquat'ters. If information on
the location of headquart cr< is not available, segment ':-'fTl ight be assigned in
proportion to amount of faI1JlllI1dor cropland.

With regard to ~lills County, about 85 percent of the operators live on
their farms and some of the r::maining 15 percent live in the open country. Let
us assume that the farm headquarters is the operator's residence if the operator
lives on the farm; otheTl\'ise, it is some other defined point on the farm. Avail-
able infonnation and the discussion in the preceding paragraph point to two
alternatives. The first i::; t:J assign se.\.,rmentsto fram,' lmi ts in proportion to
land area. The goal was an average of one farm per opell se.\.,rment;and, since the
density is two farms per square mile, the average 5i::e of segment would be 1/2
of one square mile. Therefore, this alternative gives an assi'gnrnen1;of segments
that happens, in this case, t,) be the scuneas the as~.i.i~f)lTlcntof closed segments
in column (4) of table b. The division of frame wlits :nto segments would be
different, however, hecausE' the objective is to equali:c the number of farms in
the se~rments...

The second alternativl' is to derive, as follows, an indication of the munber
of fanns "in" each frame lmit and then allocate segment-; in proportion to the
indicated numbers of fams. In the open country, the road maps show square
symbols,. , which indicate the location of farm dwe11ings (or farmsteads).
These symbols are not ahCl)'s correct, but they are useful. At some of these
indicated locations the dhel1 ing unit might not be occlll'ied by a farm operator.
In fact a dwelling might not be found at one of the inJ icated locations. ~lore-
over, some operators live at locations which are not idcntified on the maps.
However, a count of the illdicated EGrmdwellings ShO\\11 (',11 the county map is
presented in the third column of table 6. This cOlmt (~',73) is, judging from the
census of agriculture, about 50 percent more than the actual number of fanns.
/\. more accurate indicat ion of the munbers of farm dwe11ings in the frame units
can probably be obtained hy examining photographs. From photographs one can
identify building sites where farmers probably live, bu': again this does not
give an accurate and complete identification. However, indicated numbers of
farms have often been der] ved and used in the ass igmnen'~of open segments to
frame units. Regardless of how open segments arc assi::,-ncd to frame units, when
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a frame unit is divided, it should be divided into the assigned number of seg-
ments with the objective of having the same number of farms in each segment.

For purposes of illustration, we will use the indicated numbers of farm
dwellings in column (3), table 6, for assigning segments. Recall that these
indicated numbers are about 50 percent larger than the actual number of farms.
\Ve are seeking an average of one farm per segment. Thus, the assigned numbers
of open segments in column (6) are about two-thirds of the indicated number of
farm dwellings shown in column (3).

As an example, frame unit number 17 will be divided into segment~, since
it was used previously. The number of segments assigned was 4 (see column. (6),
table 6). Figure 3d shows frame unit 17 divided into four segments, assumlng
use of the open -segment method. Incidentally, the photograph (figure 3a) s~ows..
SlX places where a farm operator probably resides. This happens to agree wlth
the road map.

As a special case, suppose that a uniform sampling fraction is satisfactory
except for estimates needed for a domain that is a small proportion of the pop-
ulation. Sampling variances of estimates for this domain are too large. Let
us call the farms in this domain "type A" farms. How can the size of the sample
of type A farms be increased without increasing the sample of all farms? If
the type A farms a~e concentrated sufficiently, it might be feasible to define
the area of concentration and simply increase the sampling fraction in that
area only. If that technique is not appropriate, there are variations of at
least two other general approaches that might be considered:

(1) The first is most applicable in situations where the type A farms are
uniformly distributed among all farms. In this case, it is appropriate to make
the segments to be screened for type A farms "larger" than the segments for a
sample of all farms. This suggests the possibility of using a large and small
segment \vhere the small segment is also a part of the large one. For example,
suppose type A farms are to be sampled using a sampling fraction that is four
times larger than the sampling fraction for all farms. The first step is to
design and select a sample of large segments to be screened for type A farms.
Then divide each large segment into four segments and select one of the four
at random. The fOllowing sketch illustrates a pair of large and small segments.

Small segment - -

- - Large segment

The sample of small segments gives a sample of all farms and the sample of
large segments, which includes the small segments, is the sample for type A
farms. An interviewer would probably be instructed to work the small segment
first and treat it as though the large segment did not exist. He would then
screen the remainder of the large segment for type A farms only.
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l : ,',e and sma 11' scgmc'nts
Ii, Ilscd in the construc-

old Llnn hu i 1t! i tlc'> .
llh \'l'a 1', hut in :lfl)'

:";I';,()rtion of all farms.
:I'r fann is rcLltivC'lv
, .

1"\. ;J1n:-;trllct iun than for
i! ~'l' :lIldc;ma 11 scgl11ent s
't, m:linten:1fKe, an\l neh

1:1n:c segment h'Oll1d
"I ,la1:1 ahout t"1l' nCh

;\ specific example 01 .1 l<jssihlc usc 01':1 p:li,il
IS a survey of the costs, lJII1)IUltS, and kinds of m:11l'ri
tion of ne'.,; rami huiLdin~> ,nl in n':)airin~~ :lT1d r"I"[ :
Repairs ;Ire lll;Ide on a \'e1'\ l1i;h proportion of all :IJ
one w'ar a neh' building i ~ ,_'j'lstnxted on onl)' a~lll:lll
:\e\\ construction is import Ill: :lfld its sampling \':Hi:ll'
l:lrge, hence ;I larger sal,!,1l ill', fraction i:~ neede,! 'UI

general repair and maintl'!! ill'" Thus if the Tl\ctho,1 ,:1
\\'ere adopted, info1l'lation ,\11 IlJ he l'olll,,'tl'd on :lll I
construction in the SITU 1 I "",'lIents. The n'l~laindl'l i)1

he sc reened fo l' neh' hu iI, II ' t ha t had heen l'nn:~ t J'I;I ) ,

hliJ.Jings '.',Ioulel he colled"l,

(2) The second gene1' llipproach is tu desi).',!l tl,' :ullples: ;\ gener:ll-
purpose s~unple of all fa 1'" , md an indqll'ndcnt s:IPlpll' 'I,,'\_'ifically designed for
type;\ f;Inns. The next ,~,,'t i,m, 8.:1, pre:-;cnts an ('Til:,I·, uf special-pur;lose

.' , " Is~lIllplin.g. But fil'st ~I hOt: ': "':IUtlUll 1> Intl'l'j1Chl'U,

Although,conceptualL, tl1-'re should he no dirll!,ll In l'l';Ictice there is
a likelihood that [arms ii'rlt i lied as type i\ in t111 ',j Itll' of small segments
",ill differ on the average' 11)111 fanns idl'ntified :l~ 1,\[" \ in the large scvments.
The same could be said for j mns identifil'd ~IS t},1)1 \ :111 general-purpo.:;e
swnple and fanns identifil': h type;\ in a supplcml~llLd 'pcci~l1-purpose sample
for t)1)e 1\ fanns. Diffen'n,.-cc; greater than expect,_'d (rlllil sampl ing error often
occur when changes in 5111"'('\ )1'ocedures arc l1klde, "\"'] t! ll)ugh the concept sand
definitions of the parametl'J '" :11'(' the same.

8.:') ;\ Beef Cattle Surve\'
~- --~------ - ------

If more than about OIIC t:lil'd or one'half of t;IL' 1,1:1:1 operators produced
beef cattle and if none 0 l 1 '1(' operators has ext rl'li\l'1 '. [:Irge mml11ers of c;Ittl e,
a rather simple are:l sampl iTi,< plan that did not J:l:I"e u;,' of sI'cci~11 i:::cd aLLxiliary
data about beef cattle migl]t provide satisfactor)' S~jLlI:l !lg efficiency. But 3S

fanning hecomes more speci:il i::cd and larger fann::; ,1C\'cl"p, it hecomes increas~
ingly necess;Il)' to treat (':-1l11conul1odity (or graUl' 'J: "'J:1Clditics) as a s]lecial
s3,:11p1ing problem.

In i'-lills COLmty there :I1'l' less than ~l()() fa nit-; , ~ (':1. ll~; data sho\\' that
nearly 40 percent of the l:II'li:-; have no catt Ie cmd 1c"~ 1han SO fanns account
for almost half of the hCl l ~':lttle. Thinking of :In:1 <J1!1plin~~ and the possi-
bility of using sections (areas that are one squan' !I,[1,: as ~,amp1ing units,
there would be many sccticTl: \\'ith no beef cattle and;) \cry small munber of'
sections with large feeding lots that might have mort' t!,:lJ1 I,Ona cattle. !he:.!
sampling as describell in :-;,] :lnd 8.2 wOllld he inefli\'ilTt. That is, vcr:, large
sampling fractions \,;ould I,. l'_'quircd to get s:lti'~I:I\l"I,' 1'('''';lI]t:-;, ()I1l' "'ullition
is to l-umpile a list of 1'1 \ ,dttlc C'l1krpri;-;c::; :1':1 !1l1ItiplC'-ll':lJ1\C s;lll1plin'l
as mentioned in section ~'" nut tlii...; ,1 i"';l'US;-;inll I :11:< ] inlitC'd to :lrC':l
s~lmpl ing.

To have a basis for eCI icient area sampling 1(1]' :i I attIc survey, it is
essential that infonnatic'l: h' clvailahlc ahout the lo,::>! :on of c1ttle. Large
feedlots, or faeil ities for rccding lcuge mnnbers o!' Ii t tJc, C3.n often be
identified on recent aeri:; ;hotographs. I f neC('~;:Il,()JT\eOIle couJd tra\'cl
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over the area involved and make appropriate inquiries to identify and locate at
least the large cattle enterprises. ("Large" in this context might mean enter-
prises that would have a selection probability greater than 0.5 if individual
ente~)rises were selected for a sample with probability proportional to size).
If medium-to-large enterprises can be identified with a moderate additional
cost, that probably would be worthwhile. Incidentally, for sampling purposes,
"size" of a feedlot enterprise probably should be measured in terms of caracity
rather than number of cattle present on a particular date.

As a simple illustration, suppose 50 large beef-producing enterprises have
been located on maps. fifty segments would be defined, which would include the
50 enterprises, one corresponding to each enterprise. Each segment should be
large enough to include all of an enterprise and the usual requirement of
identifiable boundaries should be fulfilled. These 50 segments would be treated
as a separate subpopulation or stratum and an appropriate sampling plan applied
to it. To sample the remainder of the population, the 50 segments would be
deleted from the frame units in which they are found. After this deletion, tke
design and selection of an area sample of the remainder would follow principles
that have already been discussed. The subpopulation of 50 segments would be
sa~led, USIng a large sampling fraction relative to the remainder.

The above procedure is applicable for the c10sed- and weighted-segment
methods. For the open segment, special attention should be given to the defi-
nition of farm headquarters. If the definition of headquarters results in any
of the 50 enterprises not being included in the stratum of 50 segments, there
could be serious loss in sampling efficiency.

Three examples of area sampling have been outlined briefly for an area
where a high proportion of the land was cultivated and where the topography was
relatively favorable for area sampling. In the next illustration, the topo·
graphic and land use patterns are different.

9. Frame Construction--Illustration No. 2
for the second illustration a part of Johnson County, in southern Illinois,

was selected. Figures 4a and 4b for Johnson County correspond to 2a and 2b for
~lills County. All of the county is shown except a narrow strip along the
eastern edge, which was omitted to avoid having to show the map on a smaller
scale. Because of the topography, the frame units are larger and more irregular
in shape than the ones in the first illustration. The choice of landmarks for
frame-unit boundaries is more difficult. For example, county lines are fully
described and shown on official land records, but visible landmarks do not
always coincide with county lines. Technically, frame units could overlap
county lines. In that case, if the boundaries of the county happen to coincide
with the boundaries of a population to be sampled, each frame unit overlapping
the county line (boundary of the population) would be identified prior to
sampling. Then, the part of each such frame unit that is within the county
would be marked and treated as any other frame unit of the population. Allowing
frame units to overlap county lines might provide for better fram~unit bound-
aries. On the other hand, many maps, photographs. and statistics are
prepared by counties and there is some inconvenience in having frame units
overlap county boundaries. In this illustration, figure 4b, the frame units
were allowed to overlap the county lines.
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for a perception of the' Land use and topogr:lfl'\\ <.;'y figure:; 5 ;'1l1d 7, Figure
5 is ;.m aerial photograp~111_):-;;lic for a portion ur ' I, ll,'lmt;' that inclulles
frame lillits 22,23,29, :m!I!'lc;t of ~1. This lllOS:lic I; !,:p't of an index to
individual photographs \\'11ll1 'Ire identified hy nlullhc,', l~l the upper right comers,
for ex:unple RGS 1 ~f\l-42, ',\1';'il looking at the mo:,:lic ll~ 110t mistake the ecl~;c of
:i photograph for a landm:l! L, There i c; a large al110Urit ", o\'erl ap among the photo-
graphs and the photograpl:c ,:u ;IOt match eX3ctly he,,;!,: (If selle differences.
The scale of the mosaic if i igure 5 is approximateh' '1 of 3n inch equals 1
mile. Each photograph (I \ 1'1: :In :1H':1 3ppro\im:ltc'h i I h\" :~-1j;1 inch('c;,
J'igure"7 is a photograph ( ;j [l:nt of fr;lnle lUlit :::::. '0 OIl:1 larger scale
and shoh's more detail. 1::'1:\('"7 ,'/ill he discuc;scd Llt('I'.

Three broad classific:ll ions of land use can he )""tl,:ni:ed in the photo-
graphs: woodland, residl'llt i;l1 or built-up areas, :mJ t\e remaining land h'hich
is usell mostly for agricul~LJlal production and hill 11(' "cfern'd to as "farm-
land". This infonnation (1)1 l:md use may he used in ~li !i'cl"cnt \'/a)'s. One way,
mentioned earlier, is to ,k·1 ineate Lll1d use clas";l'- :Uil: then delineate frame
units within each class. ill topography in .Johnscn 1:"lillt:: is such that tlw
proportion of fannland, 1,,1' l\ample, would vary hidc·j'111'<mg frame units hc'long-
ing to the same land use ,l:I~S. That is Ilnavoiehllc 1111kss the condition that
fr;wle lmits must have pen .1I.ent, lU1JnistaL-lhle hOlmt!:ll' ~, is relaxed to a dC,l!,rce
that hould pennit frame llJ1i:c to have very tenuOll~ hOlllllbries. The frame lmits
in figure 4b \"ere clc1ine:lt~'11 v;ithout regard to lanJ '):C, That is, the idea in
this illustration is to 11•• ' ;nfonnation ahout 1;m, \h'lfter the frame units
have heen delineated. l~, ;lssLUl1ed that the lane: all.' rJf t11C frame lmit,:; have
been estimated, prohahly 1, jllanimetering the fr:IlJlc 11L:lp<

~). 1

In Johnson COWlt)', -:'lL' nroportion of fannland \:ll'jC":; among frame units from
ahout 35 to 75 percent .u,' a survey of crop acrea:".,,: ilssLuning the closed- or
h'e ighted - segment methods, :'it· approximate acre3gc elf i':inn1 and in each frame lmi t
appears to be a much bett,,'r Ilcasure of 51:::.e than th( tc UII land area. There are
at least two feasihle lllCt :1(1 )': of approximating tIll' ,llllrl\ nt of farmland in the
frame LUlits:

(1) Fstimate the ;lJlk)ll'll (or proportion) or ~-anlil:lf1l1 in each frame unit by
placing a transparent gri I tHcrlay on a photogr3ph 01 h' planimetering. If
proportions are cstimatcJ ,l111mmts can be estimated hi 1,'111tiplying the propor-
tions by the approximate1:\'1IJ areas of the frame l\!li t" The work shou] d he
donc with care, but a lan.',cl!1lount of time spent on t t'\'ing to make such measure-
mcnts as accurate as pos~ihl-, is probably not wortln.hi Ie' in terms of effect of
s;unpl ing variance. A hic'.h l.:-gree of accuracy compare I to rough approximation
might mal;e very little di rr'.'t'cnce in the nlUTIncr~; Ill' ~;,.I['tents assigned to the
fr:lme lmits. Furthennorc, 1\I\cn a frame unit is divitll.',I, it is possible to
l'Cjllali:e the amOLITlt of hr']llld in the scgments cnl\:" 'I 1111'it('0 degree, de-
Pl·nding on the available I:!'dmarks for segment hOlmtlal ('S.

(::) The second (:Jeth,\[' i~ less exact and CO\1-;lll;( i "-.': time. By 100kin~:
at the photographs, CL;~:;ij',. the frcune units as Ili).'!!, (':llun, or low witll re-
~anl to the proporti~n I): the li1nd that is fallll1:l'111

, ;()l example, the objective
might he to visually c1:I':ih' frame units \·,.ith more tLHj i)(j percent faTTIlbnd as
high, C\(1 to 60 percent ;IC :l'Jium, and less than -w 11 ,', \'\\1' as 10\'.'.



The census of agriculture shows that about one-half of the total land arca
of Johnson County is in farms. Crops are harvested from about one-fourth of
the land in fanlls,almost one-fourth of the land in £anlls is woodland, and much
of the land in farms is used for grazing, The average size of £ann is approx-
imately 200 acres and there are about 1.8 farms per square mi Ie. Land judged
to be farmland from looking at the photographs (that is, land not covered hy
trees or used for residential or industrial pU11)Oses) might be quHe di fferent
from land in farms according to the census. lIowever, for a crops surveY', using
the c1osed- or weighted-segment methods, farmland as intellweted from photographs
1S a useful and feasible measure of size for assigning segments to frame units.

The topography of Johnson County is such that the average size of segment
probably should not be less than about 500 or 600 acres of fannLmd. Thus, one
square mile (640 acres) of farmland is specified as the average size or segment
for this illustration. The average segment will contain about 160 acres (l/cl
of a square mile) of land from which crops are harvested. If an estimate of
the amount of fannland, expressed in square miles, is available for each frame
unit, the number of segments assigned to the frame Lmits would be the estimated
square miles of farmland rounded to the nearest whole number. Every frame LIDit
should be assigned at least one segment, with the exception of any frame units
that have been intentionally omitted from the population to be sampled.

Suppose that each frame unit has been classified as high, mediLml, or low
with regard to the proportion of its total land area which is farmland. Asswne
that the average proportions of farmland for these three classes arc 0.7, 0.5,
and 0.3. The land areas in square miles of the frame units in each class would
be multiplied respectively by 0.7, 0.5, or 0.3 to detennine the assigned nwnhers
of segments. A more exact assignment of segments is possible. One must judge
whether a more exact method would be worthwhile. Note that the classification
of frame LIDits by land use was discussed as a device for assigning se,L,'1Tlentsand
not as a criterion for stratification in the sense of stratified random sampling.
The frame units may be stratified in any way that is appropriate for the survey.

Frame unit 23 has been selected for illustration. By planimetering the
frame map, which is scaled, an estimate of 8.6 square miles in frame unit 23
was obtained. From larger-scale photographs than shmm in figure 5, it was
estimated with the aid of a grid overlay that approximately 60 percent of the
land in frame unit 23 was farmland. This gives 5.2 square Iniles (8.6 x .6) as
an estimate of the amount of farmland. Thus, according to the specifications
for segments, which were discussed above, frame unit 23 is assigned 5 segments.
AssLmle that a nLmlber of segments has been assigned to all [r~lleLmits in a
similar manner. Further assume that, for a crop acreage survey, fr~lleLU1it 23
has been selected and that it is nm ..,'ready to be divided into 5 segments.

A study of photographs with detail comparable to that in figure 7 showed
that frame unit 23 does not divide easily into 5 segment.swith nearly equal
imJountsof farmland. The situation presents the typical problem of trade-off
between clarity of segment bound;:uies and equalization of segment si:::e.!!o\\:-
ever, frame unit 23 divides into four well-defined parts by the roads S110\\11in
figure 4b. The four parts are shown in figure 6.

The photographs indicate that part no. 1 has the most farmland and that
it will subdivide quite satisfactorily into two parts. Thus, two alterIliltives



are presented: (1) ACCC]lt l'~"lrts 2, 3, and 4 as sq.':l'lcrr~sand Ji vide 'part 1 into
two segments giving a toLll of 5; or (2) pemit tCT111011,segment hmmJaries in
order to equalize the amCl\mtof fannland, The f1L~t :llternative does not make
full use of the infonnation on land use. The second alternative reduces sampling
variance but increases the potential for bias, Undc'] the cirClmlstc1nCes, the
writer prefers the first ~dtcrnative lmless tesb Whit,·t, operating conditJons
show that the second altcnwtive is operationally fC:I,;il'le and that hias can he
avoided,

figure 7 shO\~'spart] (>1'frame unit 2:; divided :nto two segments. A small
but well-defined river has llsed as a houndan', 101';1 1ivestock survey US] ng
the closed-segment method, the small river i~ a quc:;t im;1hle houndary', Rivers
often flow through gra: ing areas and livestock arc rl'Cf' to cross the river,
This presents a problem lWI"-~l\ISethe operator \\'i11 Ill)t :d ivays K'l10W where hi s
1ivestock aye in relation' to the river (the segment h(lllI1dary). Notice, in
fi~TllTe 7, the small tov;n and how the sq,rment houncb r i c"; follow roads or streets
into the center of the to\vn, With the closed- or h('l\litl'd-segment methods, the
existence of a residenti:ll area in a segment .should 11(\t. in most cases, present
difficulties for an entUlll'r:ltor. from the vie\vpoint ill sampling, the important
part of his job is aCCuLlt,' delineation of tract:; \\i'1Iil1 the segment, With the
open-segment method, re~idi'l1tial areas present spe,_"iil prohlems.

9.2 A SurvE2:'of AlIi'anlls

For a survey of all f:t nns using the weighted- SC,,~I;ent method, segments
would probably he uefincd :lJld delineated as discussed in the preceding section.
As stated earlier, the open" se!:,'111entmethod has been; lsed many times and many
alternative ways of apphing it have been tried :md ;ll(lieu. No particular
way of applying the open n segment method can be reconnncnded as generally superior:

With regard to thelppLication of the open-segrncrt method to obtain a sample
of all fams in J01mson :,ollnty, there are no new po int ~ for uiscussion. To re-
peat, the general objective is t9.(l) assign nwnbers (If segments to frame units
'in proportion to the mllnhcr~ of fams with headql1artcrs within the frame units
and (2) divide frame lmi ts into segments so there is ;,]1 equal numher of fams
with the headquarters in l'ach segment, The limited 1IlC':msfor atta ining th is
objective leaves much to be desired. But the prohlem of coverage error is more
serious, owing to the lack of a conceptually sound and workahle definition of
fann headquarters. Recall that "headquarters" is thl' name for a unique point
that detemines whether :1 f:tm is in the sample, \ -;ampling frame that is con-
structed only for the appl ication of the closed- and v,eighted-segment methods is
simplified because it hcul,l not involve consider:lt iOll-; of the definition of fam
headquarters and the 10C:1tions of headquarters. The need for full e:\:plorat ion
of the weighted-segment Illct110d, as an alternative to lhe open-segment method,
has become urgent,

10. SUlmnaryand a Brief Look. I'onaru

Sampling frames should he constructed in recopli':ion of the fact that
agriculture is composed of numerous subpopulations that must be sampled. A
sample designed efficiently for one subpopulation might be of little value for
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another. Thus several sampling frames might be required; orl if a single
sampling frame is to be constructed, it probably should be multipurpose.

In general, as agricultural enterprises become ~ore specialized and larger,
it is necessary to develop more flexible sampling frames for selecting samples
for many purposes. For example, ,30 years ago in some regions of the United
States the same sample might have been reasonably efficient for both crops and
livestock. But this is no longer the situation: To sample efficiently for a
commodity such as beef cattle, it is necessary to (1) have an adequate list of
Cattle producers for sampling purposes, (2) use multiple-frame sampling involv-
ing area sampling and a list of at least the largest producers, or (3) develop
area sampling on an efficient basis for special purposes as in 8.3: The devel-
opment of improved sampling frames is called for by (1) the trend toward larger,
more spycialized farms, (2) the general demand for more accurate statistics, ~nd
(3) the need to keep sample sizes and costs as low as possible. Also, to some
degree, sample size is inversely related to capability for controlling non-
sampling error, which is another point in favor of efficient sampling to keep
sample sizes as small as possible. The problem of,respondent burden in answering
survey questions is another factor that supports smaller, more efficient samples.
These factors are calling for directing more resources to the construction and
maintenance of sampling frames that will provide for higher degrees of efficiency
in the design of samples.

There are numerous sources of error and ways of reducing error. Survey
plans should include provision for studies of sampling variance, response errors,
coverage errors, and costs. Such studies should provide a continuing basis for
adjusting the allocation of resources in an effort to achieve maximum accuracy
at a given cost.

Area sampling is not likely to replace sampling from lists of farm opera-
.tors or vice versa. One of the most important problems in surveys of farm

enterprises lies in the unclear linkage between operators and farms which
results in coverage error. The linkage problems are prevalent when sampling
from lists and in area sampling, especially when the open segment is used. The
closed segment avoids most of the coverage error caused by obscure linkage
between operators and farms. This is a major important point in favor of the
closed segment. For surveys where tracts are suitable reporting units, the
closed segment is likely to continue as an effective method. For surveys where
farms are the reporting units, the writer believes that the weighted segment
should be fully explored as an alternative to the open segment. The sampling
variance per segment for the weighted segment is less than the sampling variance
for the open segment. We need to know more about comparative costs and coverage
error to get a clearer indication of the circumstances under which one method
might be better than the other.

In a situation where the closed segment is applicable to only part of the
questions, the closed segment might be used in combination with the open or
weighted in order to take full advantage of the closed segment. In the writer's
judgment, experience will show that the closed-weighted combination is better.
If experience happens to show that the weighted segment has low coverage error,
the question of whether to use the closed-weighted combination or only the
weighted might come into play because the latter has the advantage of using
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onl\' one definition of a -;(~m('nt in the same sun.';
con~1Uting equipment, thv '", i~',hting of data shoull' Iii'

maj or ohstacle to l~S(, ('I t (h he i ghted e;q';l!1ent.

':ll'idl:ntally, ,\\ith Illouern
::,:~'r h(' rq~arueu ~l'; d

In recent years, m:l!l\' l'eople have become V('1\' 11111'rcsted in remote :"l'nsmg,
including the impact th:ll ,t lTlight have on area ":W1Jl: : 11:, and procedures for
making agricultural estlf'l.ll['S ,generall>'. This i" :1 :::11")" subject iIlV01\'ill,!~ d
large amount of conjectw-(', Ilowcver , perhaps a !vI" Ii! (11(' dllthor':; ,gcnC'ral
views are worth stating,

One short-range imp:kl of remote s('l1sin,\2, h'i 11 1\1 \'1 inl')"ease in the dCI1I;lIld
for "ground" data from :1"',\1 s;mlples \Vhi l'h can he ('C';", l" tvu ,,'i th sensor i'C'coru-
ings. That demand is aln\ld>' developing. In a ~Ornl'\\]llt 10n:~er range, as
remote-sensing teclmolo~~:,- dcvelops,infonllJ.tion \,ill J 1')],ah1\' hecome aVJ.ilahle
\~'hich can be used to imp:';)\'l' substantially area c..;1l1l;1:i )1\: fLunes and the ('Hi-
ciency of area s;mlpling.his could result in Il;jl)( ",,1ilctions in the si::c of
area.samples for some 11\lq)'):;es, particularly forc..'h;I,:,tl'ristics closely rcLlted
to land use J.nd phys iC11 ("]\' i rorunent ,

A large fraction ai' :11. agricultural statist it> i'II".dvl'S quant ities or
acti vi tics that ;11'e not ;lIIi"llahl e to measurement 1,\ I [lIe :;erlS in,l'.. But con·
sider crop acreages and,'i' ds. 1:; it possihle 11',i~ rr';!()te-sensin.c; technology
could completely elill\in:I'\' ~he need for collectin.,: j,L, JIl ;I~'reage and yiclds
by present methods?

The development of 1'lol.'ls for estimating or fcr",,!:.;ting crop yields [rom
sensor recordings requi rl':~ ;lccurate data on cro[1 yi.,': '.; from an indepenclL'nt
source, that is, llle:1SUrel'lt'll':.; on the grOlUld. ;\:';';Wll 1i:;lt practical OjX'r:l'
tional models :1re Jevel'l')l',l, :1 continuini-: necd II' i 11'1'\'( the structure IJf the
models is eXl)ected, and tll i; \...i 11 requ i rc, to SUIll' '.' I 'Ilt, cont inued collect ion
of data on crop yields),' :)'C'sont methods. Furthc'),I]!I) , L'h:lI1ges in yiel,l..;
:1Ssoc i at ed with tee Imo 1tJ..: iL'. tl advancelllcn t s \...ill,' In'I," )1:I rametL'rs i Il the Il10de1s
and require a continued.'I'Cort to update the mo\klc...,llis means ground ()l)scr-
vations for a sample of 'i,'Lb representing the ":lfl, 1\- conditions t)lat:lro
involved.

A similar point ap!,li.''; to estimating ero]' :1\1','1'1"';, \loclc1s for int<..'rpret-
ing sensor recordings aI',' !'i.'quired. rrobablv tIt(' 11,1il'I:; or paramctl'rs in the
models will always he sll';j,.'d to change. At hes1 1ii hill require a minimal
amount of area sampling 'Jll the grOlU111that is conl'II)'[',llt \\ith collcl'ting sensor
data. Also, to serve the .1Ilalytical p1l1110SL'Sof 5Uill' lall]) surveys, it is
necessary to have dJ.t:l ~n ..rop acreages and yicl\!;! !:11"I1\S, The onl>' source
of such data is [rom opcra tl)rs.

One major foresecahlc lotential for remote ;")"" I iee; in the impr0H'1l1Cnt
of area sampling fr<"lJlles, i\hich results in 3 choice i" :\.,_C'n estimates of greater
accuracy or smaller szullplc -.;izes to achicve prescnt 1"\l'1s of ;lCcurJ.cy. This,
of course, applies only tC1lgrieultural data th:lt .11' ,It le;lst moderatel\'
correlated with informati"n collected hv sensors. :.It T'~'1ations of less thJ.n
about 0.6 or 0.7 are llSU:11h' not high enough to l,c ~'" I')\lsl> considered. :\
second important foreseeabl.: potentiJ.l is a hasi.; ~(), l:nproving some kinds of
statistics for smJ.ll an':l~, ,such;1s cOlU1ties or '):I1't; "f counties.



Assuming tllatan adequate coordinate system for representing the boundaries
of frame units or segments on computer tape becomes operational, a large amount
of sensor data for frame units could become available. Thus there is a fore~
seeable potential for maintaining area sampling frames on tape. For some pur-
poses, such a sampling frame could be highly efficient with regard to s~ling
variance. The computer could be programmed to supply well-designed samples for
specific purposes.
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Figure 2il.-··,'j 11'~ Cnuntv Road ~13p (:-JI,rth,';1 r;lrt of County)
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Figure 2b.--Frame Units for Part of Mills County
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Figure 3b.--Frame Unit No. 17 Divided into
Eight Closed Segments
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Figure 3c.--(;I,'YC'<'(\ Sel'lilll
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Fi~uro 3d.- Frnme Unit 17 Divided into
Four Open Segments
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Figure 4h.--FYo.ml'Units for Johnson County
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Fi gure 6. -- Frame Unit 23 Divided into Four Parts
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